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GENERAL INTRODUCTION TO THE SERIES. 


During the past few years the civilised world has begun to realise the 
advantages accruing to scientific research, with the result that an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and Analytical Chemistr}^ It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science does not 
progress at the same rate. Consequently, as soon as any particular 
part advances out of proportion to others, the volume dealing with 
that section may be easily revised or rewritten as occasion requires. 

Some method of classifying the elements ibr treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. 

In the original sclicmc, in addition to a detailed account of the 
elements of Group 0 , the general principles of Inorganic and Physical 
Chemistry were discussed in Volume I. It was later felt, ho^vcver, that 
this arrangement was hardly satisfactory, and an Introduction to these 
principles is now afforded by my Text-book of Physical Chemistry, 
Volumes 1. and It. (1932-35), whilst in future editions Volume I. of this 
Series will deal witli the Inert Gases alone. 

Hydrogen and the ammonium salts arc dealt with in Volume 11. , 
along with the elements of Group I. The position of the rare earth 
metals in the Periodic Classification has for many years been a source 
of dilficulty. They have all been included in Volume IV., along with 
the elements of Group III., as this was found to be the most suitable 
place for them. 

Many alloys and com})ounds have an ci]ual claim to be considered 
in two or more volumes of this series, but this would entail unnecessary 
duplication. For example, alloys of copper and tin might be dealt 
with in Volumes II. and V. respectively. Similarly, certain double 
salts — .... ‘h, for example, as ferrous ammonium sulphate — might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
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under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys oT copper 
and tin are detailed in Vffilumc V, along with tin, since copper occurs 
earlier, namely, in Volume II. Similarly, ferrous ammonium sulphate 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume II. The ferrocyanides are likewise dealt with in Volume IX. 

But even with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For example, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicals and are analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under potassium in Volume II. But- the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hardly seems desirable. They 
are therefore considered in Volume VIII. 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frequent cross- 
referencing to the texts of the separate volumes, the student will 
experience no difficulty in linding the information he requires. 

Particular care has been taken with the sections dealing with the 
atomic weights of the elements in question. The ligures given are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise stated, using the following 
fundamental values : — 


Hydrogen — 

i-oor(>2. 

Oxygen = 

16-000. 

Sodium -- 

22-90G. 

Sulphur = 

32-065. 

Potassium -- 

aoAoo. 

Fluorine — 

19-015. 

Silver — 

107-880. 

Chlorine — 

35-457. 

Carbon = 

12-00;3. 

Bromine — 

70-916. 

Nitrogen ~ 

14-008. 

Iodine = 

126-920. 


By adopting this method it is easy to compare directly the results of 
earlier investigators with those of more recent date, and, moreover, it 
renders the data for the different elements strictly comparable through- 
out the whole series. 

Since the original scheme was drawn up in 1912, enormous progress 
has been made in ail branches of chemistry, and the original intention 
of devoting one book only to eax^h Vertical Urrou]) in the Periodic Table 
has had to be abandoned. In several eases it has been nceessaiy to 
devote a wliole book to a single clement, as, for example, in the eases 
ol‘ oxygen, nitrogen, phosphorus and arsenic. Further, a separate 
volume has been devoted to tlic Metal- Anunines and a conq)rchcnsivc 
account of the Organometallic Derivatives is given in Volume XI., wliieh 
is being issued in four ])arts. 

The Editor would draw attention to the unsatisfactory state of the 
nomenclature of organometallic compounds in general. The designa- 
tions of compounds in Volume XI. are those used m the original memoirs, 
since any attempt to alter these in a work of that description would only 
complicate matters. 

Our aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unneeessarily bulky and expensive ; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
tliese references accurate and reliable, and it is hoped that they will 
])rove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pp. xxi-xxviii) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre- 
ciation of the kind and ready manner in which the Authors have 
accommodated themselves to this task, which, without their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, ?^lessrs. Charles 
GrilTin & Co., who have done everything in their power to render the 
work straightforv'ard and easy. 

J. NEWTON FRIEND. 

Septe-y/ibtr 193G. 



PREFACE. 


Accordixg to tlie Oxford English Dictionary, the origin of both names 
antbnony and bismuth is unknown, and, unfortunately, something of this 
obscurity appears to overshadow many of the problems connected 
with the chemistry of these two elements and their compounds. It is 
})ossible that this arises from their position as the last two elements 
of Sub-group B of Group V. of the Periodic Classification. In accord- 
ance with that position, although they retain many of the character- 
istics of the group as a whole (which have been considered in Part I. 
of this Volume), they possess in addition definite basigenie properties. 
Thus, many of their compounds readily undergo hydrolysis, but fre- 
quently the hydrolysis is not complete, intermediate products of great 
complexity being ])roduced, the natures of which haAx not yet been 
iully established. ^Moreover, there is evidence to show that the process 
of hydrolysis is not always continuous, but is complicated by secondary 
reactions between tlic hydrolytic products ancl the solutions fron\ 
which they are formed. These factors have rendered it extremely 
dilTicult to obtain compounds of these two elements in a state of purity, 
the perplexities arising from this being exemplified in the controversies 
concerning the atomic weights of the two elements, which have been 
concluded satisfactorily only within the last twenty years. 

Another feature of these two clcmciits is tlic tendency of botli to 
form com])lcxcs. In some cases these eom])lcxes have been shown to 
partake of the nature of anions: in others, their true nature is not fully 
known. The study of these questions involves tlie conception of 
valency, but, in this book, it lias been deemed advisable to discuss the 
compounds of the two elements in the light of the older valency theories, 
in which these elements were regarded as existing in one of the two 
states ter- or quinque-valcnt. Furtlicr study of antimony and bismuth 
in combination should thro^v considerable light on valenc.y relationships 
and should prove of great value not merely in clucaclating the chemistry 
of the two elements themselves, but in advancing the knowledge; of 
structural chemistry in general. 

In the metallic state antimony and })ismuth are not very widely 
employed in industi’v or the arts, although the former clement is an 
essential component of some exceedingly important alloys, such as ty])e 
metal and bearing metal, the many varieties of which play such a con- 
spicuous part in modern civilisation. Bismuth is chieny valuable as 
a component of fusible alloys; this is pci'ha])s due not so much to its 
own low melting ])oint as to its great tendency to form eutectics. It 
is noteworthy that bismuth dot's not enter largely into combination, 
nor into solid solution, with other metals. 

The anisoti'opic nature of the crystals of these two metals has 
attracted considerable att.cjition irom })hysicists; with the devcl()[)ment 
of the technique for the pi-oduction of single crystals the cxanii nation 

xiii 



XIV 


ANTIMONY AND BISMUTH. 


of the physical properties of bismuth in particular has been very exten- 
sive. Many of the published results, however, must be accepted with 
reserve, as the investigators did not appear to appreciate fully that 
the physical condition of the material employed was of as much import- 
ance as the chemical purity. The close alliance which has arisen in 
recent years between physicists and metallurgists cannot fail to bear 
fruit in this field of research; and it is possible that a careful examina- 
tion of the physical properties of the two elements antimony and 
bismuth may throw considerable light on the nature of the metallic 
state, in spite of the fact that they themselves are such imperfect 
metals. 

An attempt has been made in this book to describe the state of 
knowledge of the chemistry of the two elements and their compounds 
up to the end of 1934. Many themes of a physico-chemical nature 
have received but a mere mention; it is hoped, however, that references 
to original sources will enable the reader to follow' up those themes 
with a minimum of labour. 

In addition to the literature cited, much assistance has been obtained 
from Gmelin-Kraut, Handbuch der anorganischen Chemie,^' and from 
' A Com'prehensive Inorganic Chemistry,'^' by J. W. Mellor. 

Finally, the author very gratefully acknow'ledges his indebtedness 
to Messrs. Cooke, Troughton and Simms, Ltd., of York, for permission 
to reproduce the Plate showing the macrostructure of antimony (from 
a photograph by Mr. M. C. Oldham of the English Steel Corporation); 
to Dr. E. B. R. Prideaux and Mr. R. H. Vallance for their valuable 
assistance in proof-reading; and to the General Editor of the Series, 
Dr. J. Xew'ton Friend, not only for the sympathy and courtesy wdth 
w'hich he has smoothed over many difficulties during the preparation 
of this book, but also for his active co-operation in certain sections, 
notably in those on the atomic weights. 


W OLL AS T OX, St 0 U R BRT D G R . 
September 1936. 


W. E. THORXEYTROFT. 
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CHAPTER I. 

ANTIMONY AND ITS ALLOYS. 

Symbol, Sb. Atomic Number, 5]. Atomic Weight, 121*76 (0=16). 

Occurrence. — The principal ores of antimony contain the mineral 
known variously as stibnite, antimonite or antimony glance, SbgSg. 
Stibnitc is found principally in France,^ Italy, Algeria and China, and 
to a smaller extent in Czechoslovakia, Spain, Portugal and Japan. In 
India, stibnitc lodes in gneissose granite occur in the Punjab, and with 
cervantite in the Northern Shan states, while the tetrahedrite in Slec- 
manabad copper lodes is highly antimonial. The ores frequently 
contain gold, silver and arsenic, and are associated with galena, iron 
pyrites, spathic iron ore, quartz, calcite and barytes. 

Other antimony minerals occasionally found in ores that are com- 
mercially valuable include cervantite or antimony ochre, SbgO^, kermesite, 
2 Sb 2 S 3 .Sb 20 .j, valentinite, zekite antimony or antimony bloom, SboOg 
(rhombic), and senarmontiie, Sb 203 (cubic). 

Native antimony occurs in too small quantity to be commercially 
valuable.^ 

iMany other antimony minerals have been described. These are 
mainly com])lcx sulphide minerals which may be regarded as thio- 
antimonites or thioantimonates, oxidised minerals which may be 
antimonites or antimonates, and a few miscellaneous minerals difficult 
to classify. In the following list the formulge ascribed to the various 
minerals arc intended to convey the approximate composition of the 
mineral; it is not suggested that they represent definite chemical 
compounds in a.1l cases. ^ 

Antimonv has also hc.cn found in animal tissues.'^ 

^ Cluu'i'in, (rcnia ('crtl, ]9S2, lOO, .‘U-'l. 

- W'anLr, ''' Aiiinnoinj'' (GrilHn, J919), p. 46. 

111 adclilioii 1o 1he lifi'raUu’e cited, reference may also be made to Shannon, Amer. 
MintraL, 1918, 3 , 29; Sehaller, Bull. U.S. Geol. Survey, 1916, 610 , 104; Halsc, AntivLony 
Ores, AJernofjraph on Mineral Resources with Special Reference to the British lAnyire''' 
(Miiri-ay, 192.5); Voskuil, '' AJmerals in Modem Industry'' (Wiley and Sons, 1930), p. 260. 

Chapman, Mature, 1930, 126 , 761. 
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Dana. J. D. and E. S. Dana, 'A-1 System of Mmeraloyi/' (London and Xew York), GUi Ed., 1899. 
Dana, App. 1. ibid., Appendix J, 1899. 

Dana, A])]). II. IbuL, Ap])endiK 11, 1909. 

Dana, App. HI. Ibid., A})pendix HI, 1919. 







Name. Composition. : Crystalline Conn. Density. Locality. Itefcronces. 



Geocronile . . | oCbS.Sb^So i Rliombic: | 2-0 j (3-3 to ()-4r> .. Dana, ]). 143, 




rilnifiniiito . . XiSbS Cubic ! 5-0 to 5*5 I 6-2 to (v7 ' Goriuaiiy j Dana, j). 91 . 
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BiiKl]i(‘iniite . TTydraled aiitiinonaic of ! Amorphous 4 4-GO to 4-7G Siberia, CornwalJ, J>ana, p. 8G2 

lead I I U.S.A. 



jUerbylite . . FcO.Sb^Os i- SFeO.TiO^ IBiombie; 5 4-512 to 4-5IK) Ib'azil Dana, App. 
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i^^^TIMOXY AND BISMUTH. 


Tistory. — There can be little doubt that antimony was 
icient times, either in the form of the metal or in compounds. 
3 were acquainted with the metal five thousand years ago ; 
references in the Old Testament (II Kings, 9, 30 ; Ezekiel, 
:emiah, 4, 30) have been considered by most commentators 
tibnite or sulphide of antimony. 

bronzes discovered b}^ archa3ologists in many parts of the 
been found to contain antimony ; a vase found by M. de 
'ells in Chaldea consisted of almost antimony;^ and 

1 copper ewer and basin of the Fifth or Sixth Dynasty has 
to be plated with antimony.^ 

een suggested that the knowledge of antimony passed from 
irough Arabia into Europe by the agency of the Arabic 
bber or Geber, who lived in the eighth century. References 

Y in the literature of the Middle Ages are extremely con- 
ever, and it is not until tow'ards the end of the sixteenth 
bt the obscurity" is dispersed.^ Robert Boyle ^ wns clearly 
:h the starred appearance of the cast metal, to which he 
he starry regiilus of Mars and antimony ” (see Plate). 

[fusion which exists with regard to the early history of 

to a great extent due to the ambiguity of the origin and 
the words antim.onimn and stibium. Both words appear to 
nnplo 3 md to indicate in some cases the metal, in others the 
neral stihnite. In addition, the metal itself was regarded 
:horities as a semi-metal, by others as a mixture of metals, 
c writings the mineral stibnitc is referred to as kohl, a word 
il retained, with a very diffei'ent meaning, in alcohol. This 
lol is used for stibnitc in some Latin writings, but is more 
found in the Spanish. The more usual Latin term was 
he origin of the term antiwonium is more difticult to trace, 
hat it arose from the accidental poisoning of some monks 
nissed on linguistic grounds. The word was used b\^ Basil 
and as in tlm original co])y of his work (which was written 
it alwa 3 ^s appears in italics, it is probabh' of Latin origin, 
s supported by the fact that one of the earliest recorded 
the use of the word is in the Latin writings oi' Gcbcr, who 
e thirteenth century. (This author is not to be confused 
mbic chemist with a similar name, who flourished in the 
ny.) The word stibium appears to baA'c beem more gcncr- 
3d, although both \vords survived until the time of Lavoisier ; 
lISCxI indiscriminately to describe the metal and stibnite. 
of the available knowledge of antimoiw up to the beginning 
:ecnth century is to be found in the works of Basil Vuilcntinc.-'^ 
lot, CornpL rend., 1887, 104 , 26o. 

V and A. H'. Kopp, MclropoUtan Jlnfixaua Blit*), 4 , 

us, "" AlcJnjrjiiad^ (Frankofurti, 1505; 2nd luF, IGOO), 

In tlic Unsiiccc^ssi'ulucss of Experiments,'' Opera, 1772, i, 325. 
harDi. J., 1928, [I], 67 , 3!)7. See also Valentine, ''The I'rintnplKtiil Chariot 
EnL;iisli Translation (J.ojidon, 1051); Fliny, llistnria ■nat ural is, 33 , 34; 
vialcrid ■inediva, 5 , 49: Agricola, Dc re. ruetaUira" ( Basilire, J55()), English 
union, 1912), p, 428; Erck(a-, Besidirc-iLiiauj (Uler f iirnfonsleii. 'ninirralis<'h.e 
kwerclcsarlcib"’ (t’nig, 1574); Sala, AnMoyn.la. (intunonii'' (Erancui’urti, 

L Sncl'jtcn, Myslerki geaiina anthnon.ii'''’ (Xiirnberg, 1G80); Chymisvhe 
nkfurt, 1680), pp. 229, 267; Lcmeiy, TraiUl de Idiii.lim.oine'''' (Paris, 
;el, \ ollstdndiges Laboratorhem chymicum''' (Berlin, 1716); Morhof, 
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Antimon}" compounds were largely employed in medicinal prepara- 
tions in the Middle Ages. Paracelsus was one of the first to use them, 
having made butter of antimony (antimony trichloride) by distilling 
corrosive sublimate with antimony sulphide. Treatment with water 
yielded mercurius vitce (an oxychloride) — a pre23aration that was 
23023ularised b}" the Veronese ]3hysician Algarotus or Algaroth, and 
hence became known as “ Po coder of Algaroth P Sulphide of antimony 
was itself used considerably for a time, but was ^^I'actically discontinued 
after considerable discussion by the medical j^rofession. Tartar emetic, 
the most widely employed antimony compound, was also probably used 
in early times. In ancient times wine was permitted to stand overnight 
in antimony goblets, and was taken medicinally on the following day. 
This practice ^Dersisted up to the time of Boyle, but was then sujDer- 
seded by the introduction of metallic pills of antimony.^ 

Extraction.^ — Antimony is extracted mainly from ores containing 
antimoiw trisulphide in the form of stibnite. Rich ores are first sub- 
jected to liquation, whereby the fusible sulphide is removed from the 
gangue and concentrated. The concentrate is then reduced to metal 
by smelting with wrought iron in pots, in reverberatory furnaces or 
sometimes in blast furnaces,^ 

SboS3+3Fe=2Sb+3reS 

The reduction in j^ots is carried out in three stages : (1) A mixture 
of liquated ore, wrought iron and common salt is fused together and a 
crude joroduct obtained containing about 90 per cent, antimony and 
7 to 8 Y>ei' cent, iron ; (2) this is again remelted with more liquated ore 
and common salt, the bulk of the iron being thereby removed ; (3) 
finally this second product is remelted with a special flux made by 
fusing together three parts of commercial ^^otassium carbonate with 
two parts of liquated ore. 

The reduction in reverberatory furnaces is carried out in two stages : 

(1) Fusion of liquated ore with scraj) iron to ]3roduce crude metal, and 

(2) refining the crude metal. In the first stage the liquated ore is 
smelted with a flux C'ontaining soda ash, salt cake and common salt. 
This results in the production of a slag of low density containing sul^^hide 
of iron and sul]3hidc o(‘ sodium, from which the crude antimony can 
settle fairly readily. The crude product contains 9-1 to 95 per cent, 
antimony mixed with iron, sulphur, lead and arsenic. This is refined 
by melting carefully under a Ilux of sodium carbonate. After a time 
the impurities can be skimmed off and then a mixture containing 
antimony oxide, antimonyl sulphide, sodium carbonate and a little coal 
is added. The refined metal is then ladled out and cast a.s “ star 
antimony,” the surface of the cakes showing a well-defined crystal 

PohjhiUoT (Lubcck, 17 J 4), i, 84; Littre, Dictionnairc de la Lmigue franc.ai,^c (Laris, 1873), 
I, 156; Helm and llilprecht, Chem. Zeit.y 1901, 25 , 250; Hommcl, Zeitsch. angew. Cham.., 
1912, 25 , 97; Chem. Zeit., 1912, 36 , 918; Hyman, Cliein. and Jnd. llevinr, 1924, 2 , 1006; 
Auden, ibid., 1 1 32. 

^ Hysor), lor. r./L, pp. 520, 5i)6. 

“ Wany, lor,, oil., p. 67 ; Gowdand, The M elalJurgy of th.r Xfm-Tf-rrour d/ eb'ds'' (Grif'Hn), 
p. 565. Se('. also W'any, Proc. World Kng. Congr. Tokyo, .1920, 1931, 35 , 185; Kiigrn.rmng, 

1929, 128 , 726; Brazenall, Chem. JCng. Mining Pev., 1932, 24 , 312, 341; Tai’el, Mcfall und 
Erz, 1931, 28 , 503; Kai Ho, Science {China), 1933, 17 , 16. 

^ Sclioeller, Trams. Inst. Min. Mel., 1918, 27 , 237; Brazenall, The Chemical Age, 
Mefallurgical Section, 1932, 27 , 12. 
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structure. A method has also been suggested for refining electrolytic- 
ally ^ using an electrolyte containing antimony trilluoride with about 
100 grams of free sulphuric acid and 20 grams of free hydrofluoric acid 
per litre. 

Low-grade ores, which generally contain oxidised minerals in addi- 
tion to sulphides, are first roasted to produce either the non-volatile 
tetroxide or the volatile trioxide. With oxidised ores recovery of 
antimony is incomplete unless anthracite is added to the charge. Thus, 
treated at 900° C. without anthracite, only the antimony present as 
sulphide is recovered, while with anthracite almost complete recovery 
has been effected. Using an ore containing 3*3 per cent, antimony, 
partly sulphidic and partly oxidised, the average anthracite consump- 
tion was 15 to 20 per cent, of the charge, of which 5 to 8 per cent, was 
used as reducer and 10 to 12 per cent, as fuel.“ The oxides obtained are 
reduced to metal by carbon in crucibles or reverberatory furnaces, using 
an alkaline flux containing soda ash, salt cake and common salt. 

For roasting sulphide ores two methods are used, viz., simjde roasting 
yielding mainly antimony tetroxide, and volatilisation roasting yielding 
mainly antimony trioxide. In the former, reverberatory furnaces arc 
employed, the flue gases passing through a condensing plant for the 
recovery of any antimony trioxide that may be formed. For volatilisa- 
tion roasting either the Herrenschmidt or the Chatillon process is used. 
In the Herrenschmidt process, the furnace is a rectangular shaft of fire- 
brick with fire-bars ari'anged in steps. The gases from this furnace are 
cooled by passing them through a scries of iron pipes into a wooden 
tower packed with coke down which water trickles. The water is 
collected at the bottom of the tower in tanks in which the oxide is 
allowed to settle. In the Chatillon process a double cupola type of 
furnace is employed. The flue gases containing volatilised oxide pass 
through a condensing plant (which consists of sheet iron tanks so 
disposed that the due gases can pass all round them), and arc then 
forced into a hltration chamber which is fitted with bags of coarse cotton 
canvas or of woollen material. 

The volatilisation and oxidation of antimony trisulphide have been 
studied in detail.^ From the results it is suggested that rich or con- 
centrated ores which do not contain precious metals, arsenic or lead 
should be roasted to antimony tetroxide, while poorer ores, and ores 
containing precious metals, should be roasted to antimon}’ trioxidc. It 
is further suggested that it is inadvisable to extract antimony from rich 
ores by fusing the sulphide with iron on account of the high fusion 
temperature required ; if this jaroccss is adopted a reducing atmos})hcrc 
should be employed and the dust in the flue gases recovered. 

The reduction of oxides of antimony may also be effected b\'^ the 
action of arsenic on fused sodium hydroxide in the presence of the 
oxide. 

Various wet methods for the extraction of antimony have been 
suggested but do not appear to liave been successful.^ Electrolytic 

^ Kosclicr, U.S. Patent, 1930, 1780941. 

- Slobodska, Tsvednuie Metal., 1932, Nos. 7-S, 108. 

“ ShakoY aTid Slobodska, Tzvet. Met., 1930, 1294; Chiniie ct huluslric, 1931, 25 , 1120. 
See also this Voluiac, pp. 101, 102. 

French Patent, 1930, 694283. 

Coolbangh and Read, U.S. Patoit, 1926, 1.397018. See also Wang, luc. cit.; Gow- 
land, loc. cit. 
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methods have, however, been developed and it is claimed that compact 
antimony of great purity can be obtained by these methods.^’ ^ 

Chemically pure antimony has been prepared ^ by converting 
antimony trichloride, purified by distillation, into chlorantimonic acid, 
which, after jDurification b}" recrystallisation, is hydrolysed to antimonic 
acid. The antimonic acid is finally reduced to metal by fusion with 
potassium cyanide. 

The production of ‘‘ secondary antimony {i.e. the recovery of 
antimony from alloys and residues) forms an important means of 
obtaining the metal. In the United States of America in 1928, between 
170,000 and 180,000 tons of old lead accumulators containing 3 per cent, 
antimony were available.^ For the treatment of lead-antimony alloys 
the Harris process is largely employed in England and some other 
countries.^ In this process the scrap metal is melted with an oxidising 
alkaline flux. Arsenic, antimony and tin arc then removed by skim- 
ming as sodium arsenate, antimonate and stannatc. The sodium antimon- 
ate is separated from these by lixiviation, and is reduced to antimony’- 
by treatment with carbonaceous material.^ In another method that 
has been suggested, the alloy is treated with metallic sodium in order to 
form an alloy of sodium and antimony. This is dissolved in molten 
caustic soda, and the antimony separated by treatment with water. ^ 

More than three-quarters of the world’s supply of antimony ore 
are obtained from the province of Hunan, China. In France, the ore 
deposits at La Lucette yield an annual production of 3,000 tons of 
antimony.® About 1,000 tons of antimonial lead, containing 21 per cent, 
antimony, arc also produced annually in Burma. ^ The total world 
production of antimony ore, returned as tons of metal content, is given 
in the following table : — 

]92G. 1027. 1928. 1929. 1930. 1931. ' 


Long Tons 31,400 30,000 30,000 


31,000 


23,000 27,000 j 


Physical Properties of Antimony. 

Numerous varieties of antimony have been described by various 
workers, but the existence of definite allotro pic forms, and their relation- 
ship to one another, have not yet been fully established. According 

1 Engcihardt, Zeitach. EUhtroclicm., 1931, 37, S13; Izgaruishcv and Plclcncv, ibid., 
3Gd; van Erckelcns, Eng. Mining J., 1931, 132, 160. 

- Katz, ''Mineral Resources 0/ ike United States, 1927'' (Washington, Government 
ih-inting Offices, 1930), p. 40. Sec 'Z\soEiig. Mining J., 1927, 123, 432; V'ogel, Meiadlborsc, 
1930, 20, 537, 651. Groschud, Zeitsch. anorg. Chc.m., 1918, 103, 164. 

Wilson, Medal Industry {New York), 1930, 28, 162. 

Brnchhold, Bol. niinero, 1929, 28, 191; Winter, Eng. Mining J., 1928, 125, 893, 969; 
Fri.iidh Patent, 1928, 665174; Ivirsebom, British Patent, 1928, 3158.11; Short, Metal 
pidustry {London), 1929, 34, 42. 

« See also Vogel, Mttallh6r.se., 1929, 19, 2441, 2499, 2555. 

■ Hanak, U.S. Patent, 1930, 1786908. 

8 Charnn, Genie civil, 1932, 100, 314. 

Oascoe, Records Gaol. Survey India, 1930, 64, 26. 

"Mineral Resources of the Bntish Eni'pire and Foreign Countries," Statistical Sum- 
mary (London, H.W.S.O., 1933), p. 27. For a review ol the antimony industry from 1913- 
1933, see Kai Ho, Science {China), 1933, 17, 16. 

VOL. VI. : V. 2 
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to Cohen and his co- workers,^ two forms of antimony, a and /5, can 
exist, a, or rhombohedral antimony, is more stable than /3, amorphous 
or explosive antimony, at all temjDeratures below the melting point. 
A verv unstable yellow modirication has also been described.^ 

Irregularities in the dilatometric curve at 96° C. and 101° C. were 
formerly taken to indicate allotropic transformations,^ but it is probable 
that they are due to mechanical deformation. Similar irregularities in 
the electrical resistance curve disappeared after tempering at 600° C., 
and X-ray observations taken at room temperature, 150° C. and 200° C., 
indicated no change in structure.^ 

Rhombohedral Antimony or a-Antimony is the ordinary form 
of the element. It is a white, lustrous metal, ciystallising in the holo- 
hedral class of the rhombohedral division of the hexagonal system® 

a ; e = l : 1-3236, a =86° 58' 

Fi'om X-ray analysis it is deduced that the structure consists of two 
interpenetrating face-centred lattices, the symmetry being that of a 
rhombohedron. The unit rhomb contains eight atoms ; the length of 
the edge of a unit rhomb is 6-20 A., and the shortest distance between 
two atoms 2-92 A. The angle between any two edges of the rhombo- 
hedron is 86°58',and the angle between the (ioo)and (010) faces is 92°53'. 
There is very perfect cleavage at right-angles to the trigonal axis and 
parallel to the (111) planes, and a less perfect cleavage parallel to the 
(110) planes.”^ 'The crystal forms of electrolytic antimony,® and of 
native antimony,® have also been investigated. 

The density i®is 6-08t at 25° C. ; that calculated from X-ray data ^ ^ 
is 6-73. 

The average compressibility at 20° C. between 100 and 500 mega- 
bars is 2-1 x 10“®. 

The linear thermal expansion between the tem])craturcs -190° C. 
and 17° C. is given by the cxjwession 

'' Cohen, J. Sac. Chevi. Ivd., 1029, 48 , 64; Cohen and Jtinger, Zeilsch. ‘physikdl. Cham.., 
1904, 47 , I; Cohen, Collins and Strern^ers, ibid., 1905, 50 , 29,1; Cohen and Strenirers, 
167/.' 1905, 52 , 129. 

- Sec also Friend, ‘At Taxt-Book of Physicat Ckeraistry''' (Orifftn, 1032), Vol. I, p. ,179. 

^ Sec p. 25. 

Cohen and van den Bosch, Proc. K. Wctciisch. Amslerdcun, 1914, 17 , 645; Zcdscli. 
phi/siJ:al. Chcni., 1915, 89 , 757; Janecke, ibid.., 19J5, 90 , 337. 

Scliulze and Graf, Mdtalbcirlsc.hafP 1933, 12 , 19; Schulze, 7j(dLsch. 'phy-^ibal. CIicjil, 
1933, 165 A, 188. 

'' Liispeyrcs, ZailscJi. 1875, 27 , 574; Kahlbauni, Zcitsc.h.. (morg. Chou., 

1 902, 29 , 292. 

" Oanics and Tunsndl, PhiJ. Moy., 1920, 16], 40 , 233; Oyco Phil. 1921, [ 6 |, 

42 . 163; Solomon and .Morns rlones, Phil. Mug., 1930, [7], lo, 470; X('u})urg('r, ZaiCch. 
/vVAk, 1931, 8 o, 103. 

® Mirata, Elcc. Pevirw {Joydu), 1928, i 6 , 651. 

^ Carpenter and Tamura, Jyull. P)/-^L Afruiug 1928, 282 , 1. 

PuUru.dli()ual Crihvdl 'Pablus, 1926, I, 102. Sec also Cohen and van den lh)S(di, 
Zritsc.li. 'j)hy.Pikdl. Cluu/i... 1915, 89 , 757; Lincke, ibid., 1908, 56 , 393; Oniiuhnint and 
(ihretien, Coht.pl. raud., 1906, 142 , 709; Kahlbaum, Koth and Siedler, Zc.ii.sch. duorg. 
Chou.., 1902, 29 , 177. 

Pilcriidtional Crliind 'Pfibh-s, 1926, i, 3 - 10 . 

llichards and Wliit in ./. A uu } . Chou. Bor,., 1928, 50, 3300. 

'•'* 1 mevahar --- I O'' dyiu's per .sfp cm. 

Vailcmiiua- aaid Wallol, Voh. ■phy-'^ilud. (Pu. Pr.rliu, 191 1 , 16 , 757, Griiriciscn, Ann. 
Physik, 1910, 33 , 33, 65. See also Fizeau, Ann. Chnu. Phyn., 1866, [- 1 ], 8 , 335 ; Cauipl. 
rend., 1869, 68 , 1125; Dorsey, Jdujs. Rcvioc, 1907, 25, 88 ; J.ussano, iXuovo Cinicn.to, 
1910, IQ, 182; ilidncrt and Kndcr, JAiyn. Pevieiv. 1932, 42, 911. 
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Z^=/o(l + 0-00001020 

and between the temperatures 17^ C. and 100° C. by 

=/o(l-^0-000010880 
The cubical coefficient of expansiori ^ lies between 0-0000316 and 
0-000033. The thermal expansion of single erystals has also been 
detei'mined.'^ 

The hardness of antimony on INIohs’ scale lies between 3-0 and 3-5. 
The Brinell hardness number ^ is 58-0, but higher values have been 
obtained. The ultimate tensile strength^ is 1-1 kilograms ])er square 
millimetre; Youngs^ modulus is 7,950 kilograms per square milli- 
metre, and the modulus of elasticity in shear 2,020 kilograms per square 
millimetre. 

The syyeciffc heat ^ is 0-05. Within the temperature range 412° C. 
to 460° C. the heat capacity ® is given by 

H = 0-0534496 -0-4522 x 10~2^ + 0-7944 x lO'^Z^ gram-ealories per gram 

The heat capaeity at low temperatures has also been determined and is 
as follows : — 


Temperature," C. . 

-20-2 

4-0 

- 8*5 ■ - 

20-1 32-4 - 46-0 - 

58-5 

- 70-4 

Heat eapacity 
(Gram-calorics per 
gram -atom) 

6-073 

0-043 

5-940 

5 923 5-943 5-893' 

5-878 

5-834 

Temperature,^ 0. . 

-80-0 

-91-1 

-103-6 

133-3 - 158-2 - 179-9 - 

197-3 

-207-0 1 

Heat capacity 
(Gram-calories per 
gram-atom) 

5-789 

5-726 

5-691 

5-431 5-224 1-700 

4-337 

3 917 


From this the entropies have been caleulated. 

The melting j^oint ^ is 630-5° C., the metal being very susecptible to 
supercooling. 

Yalthicssen, Pogg. A/uuiIcti, 1838, 43, 390; Kopp, A/duiIc/i, 1852, 81, 1; Pogg. 
Aini(tlf‘}i, 1852, 86, lo'o. 

- fli’idginan, Proc. Nat. Acad. Sciences, 1024, 10, 411; Bracsco, Coniut. rend., 1920, 
170, 103. 

ITIwai-ds and ircrbert, J. Inst. Metals, 1921, 25, 175; Metal hidu.stnj, iMndon, 1921, 
18, 22 L See also Saiicnvald, ZclLsch. Meiallhinde, 1924, 16, 315. 

’ BridgTTian, PJnjs. Itcrirni', 1917, 9, 138. 

^ Awberry and Grifdtlis, Proc. Phys. Soc., 1926, 38, 378. See also Dulong and Idnit, 
Ann. Chinn Phys., 1818, [2], 7, 14G; jlegnault, ibid., 1840, [2], 73, 42; Kopp, ibid., 1852, 
[31, 34, 339; Annale/i, 1 852, 81, 34: Xaceari, Gazzetta, 1888, 18, 13; Laborde, Convpt. 
rend., 1890, 123, 227; Bohn, Ann. Physik, 1900, i, 257; Ivahlbaum, Roth and Sicdler, 
Zeitsch. anorg. Cheni., 1902, 29, 177; Richards and Jackson, Zeitsch. physikal. Chern., 
1910, 70, 414; Sehimpll, ibid., 1910, 71, 257; Dewar, Proc. Roy. Soc., 1913, A89, 158; 
Schubel, Zeitsch. anorg. Cheni.., 1914, 87, 81; Ewald, Ann. Physik, 1914, 44, 1213; Wnst, 
Menthen and Durrer, " J)i.e Ternpendur IVarmenhaUskurven der techtiisch wichtigen M dalle, 
Berlin, 1918; Gunther, Ann. .Physik, 1920, [4], 63, 476; Simon and Ruhcniann, Zeitsch. 
■phys that. Cheni., 1927, 129, 321. 

^ Bottema and Jaeger, Proc. Acad. Sci. Anisferdam , 1932, 35, 016. 

‘ Anderson, J. Anier. Cheni. Soc., 1930, 52, 2712. See also Kelley, Bur. Mines Butt., 
1932, p. 350. 

^ Awb('rry and GiRliths, Joe. at. See also lleycoek and Xeville, J. Cheni. Soc., 1895, 
67, 186; Gautica, Conijil. rend., 1896, 123, 112; Gallendar, Bhil. Mag., 1899, [5], 48, 
519; llolborn and Day, Ann. Iliijsik, 1900, [4], 2, 534; van Aid)el, Coinjjt. rend., 1901, 
132, J2b6; I'ay and Ashley, Ainei. Cheni. J., 1902, 27, 95; Krafl’t, Per., 1903, 36, 1712; 
Chretien, Conrpl. rend., 1906, 142, 1340; Laselitschenko, J. Buss. Phys. Chem. Soc., 1914, 
46, 311. ® Reinders, Zeitsch. anorg. Cheni., 1900, 25, 119. 
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When molten antimony is cooled its colour diminishes in brightness 
ill a normal manner until the solidification point is reached ; at this 
poiiit a sudden increase in brightness occurs, accompanied by an increase 
in temperature. As this phenomenon occurs in an atmosphere of 
hydrogen as well as in a vacuum, it cannot be ascribed to oxidation, 
and is considered to be an instance of crystal luminescence.’ The ratio 
of the spontaneous crystallising power to the linear velocity of crystallisa- 
tion “ increases with the velocity of cooling in the tcrapcratiire range 
between 600^ C. and -70° C. As the spontaneous crystallising power 
diminishes at low temperatures, it may be possible to obtain amorphous 
antimony by very drastic supercooling. 

The latent heat affusion is 38-84 calories per gram.^ 

The values obtained by earlier w'orkers for the volume change on 
solidification are confusing, the general conclusion being that the change 
is very small, antimony probably resembling bismuth in expanding 
on solidification. Toepler^ concluded that there was a shrinkage on 
solidification to the extent of 1-4 per cent, or 0-0022 c.c. per gram. A 
more recent investigation, however, has revealed an expansion on 
solidification of 0-95 per cent., a result which appears to have been 
confirmed.^ 

The density of molten antimony is shown in the following table, 
though different investigators have obtained slightly different results : ^ 

Temperature, ° C. . . 640 700 800 070 

Density .... 6-49 6-45 6-38 6-29 

The variation of surface tension^ a, of molten antimony with tem- 
perature is as follows : 

Temperature, ° C. . 640 675 700 800 974 

cr (dynes per cm.) . 348 350 350 348 342 

From a consideration of these values it is deduced that antimony 
in the molten state is probabW highly associated.' The observed 
parachor ^ varies from 76-8 to 83-9, the calculated value being 66-0. 

The mean specific heat of the liquid^ is 0-16. 

The coefiicient of viscosity measured in grams per cm. per sec., is 
as follows : 

Temperature. ° C'. . . 702 801 902 1002 

Viscosity . . . 0-01304 0-01113 0-01010 0-00905 

^ Karrcr, Fhys. Review, 1922, 19, 437. 

- Bckier, Zeitsch. anorg. Chem,, 1912, 78, 178. 

^ Interna ti anal Cr-dical Tables, 1927, 2, 458. Sec also A'wberry and C4riffith.s, Joe. cif.: 
Laschtschenko, loc. cit. 

Tocpler, Anm. Rhys. Clitni., 1894, [2], 53, 343. 

Matsuyama, Science lie.p. Tohoku Imp. Umv., 1928, 17, I. See also Parlitz, Sil- 
ziLiigsbr.r. Natvrforscher. Ges. finiv. Tartu, 1929, 35, 121; Bronicnvski, List. Intern. Phy-n 
Snlvay, 4th Conseil, 1924, 1927, 185. 

° Quincke, Fogg. Annalen, 1868, 135, 621; Giiinchant and Chretien, Coinpt. rend., 1000, 
142, 709; Pascal and toiiniaiix, Cornpt. rend., 1914, 158, 414; Eornemann and Saucrnnld, 
Zentsch. AI etaUhwnde, 1922, 14, 254; Birciimsh.aw', Phi. Mag., 1927, [7], 3, 1200; 
IMal.suyama, Science. Rep Tohoku Fmp. Univ., 1929, 18, 737. 

" Bircumshaw, IRul. Mag., 1927, [7J, 3, 1286. See also Smith, Fn.g. dfefals, 1911, 
12, lOS; Drath and Saiierwald, Zeitsch. anorg. Chon., 1927, 162, .301; AntonofT A'alurc 
192S, 121, 93. 

^ Sugden and Wilkins, J. Chern. Soc., 1929, 132, 1291. 

^ Awberrj- and Gi'ifhihs, loc. cit. 

Bicnias and Sauerwald, Zeitsch. anorg. Chem., 1927, 161, 51. 
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The boiling 'point under atmospheric pressure^ is 1635" C. zz 8° C. 
This value is much liiglier than that given by pi-evious investigators, 
as will be seen Irom the following data for the vapour pressure of 
antimony : “ 

Temperature, n:. . 1075 1135 1175 1225 1265 1325 1330 

Pressure (mm.) . 54 107 206 302 398 745 760 

Under reduced pressure^ volatilisation is said to take place at tem- 
peratures as low as 292^ C. 

The vapou?' density of antimony indicates that at high temperatures 
the vapour is probably monatomic,'^ association taking place at lower 
temperatures A 

The thermal conductivity of solid antimony lies between 0-038 and 
0-050 gram-calories per cm. per sec. ; the probable mean value ® is 
0-044. The effects of pressure and of temperature ® upon the thermal 
conductivity have been investigated. 

The electrical resistance at various temperatures is shown in the 
following table : ^ 


Temperature, C. 

Resistance (ohm-cm.). 

PR,. 

15 

8-28 X 10-* 

1-08 

0 

7-66 X 10“^ 

1-00 

-191 

2-03 X 10-' 

0-265 

-242-4 

0-696 X 10-' 

0-0909 

-268-8 

0-o80 X 10-' 

0-0760 


The influence of strong magnetic fields upon the electrical resistance 
has also been investigated ; while the electrical resistance of molten 
antimony at the melting point is 115-0x10“^ ohm-cm.’^ Both the 

^ ]>citgebcl, ZeiL'ich. an.orcj. Chon., 1931, 202 , 305. 

- Riiit and Bergdahl, Zeitsch. anorg. Cheni., 19] 9, 106, 76. See also Carnelley and 
W'llliains, J. Clunn. Soc , 1879, 35, 563; Meyer and Mensching, AnruiUn, 1887, 240, 321; 
in.r., 1887, 20, 500, 1833; Meyer and Biltz, JJer., 1889, 22, 725; Zotsch. phi/dibal. Chenn., 
1889, 4, 24-9; Greenwood, .Pruc. Poy. Sue., 1909, 82, 396; Zeitsch. Plektrochon., 1912, 18, 
319; van Lieinpt, Zeitsch. anorg. Chern., 1920, 114, 105; 1920, iii, 280. 

IvraiTt and Bcrgl'eld, Bar., 1005, 38,258; Krallt, ibid., 1903, 36, 1704; Schuller, 
\V icd. Annalen, 1883, 18, 321; Dcniar^ay, Conipi. rend., 1882, 95, 183. See also Zenghelis, 
Zeitsch. phi/silcal. Chern., 1006, 57, 90. 

^ von AVArtenberg, Zeitsch. anorg. Chern., 1907, 56, 320. 

^ IMeycr and Biirz, loc. cit. See also Bull and Mugdan, Zeitsch. amn-g. Chon., 1921, 
1 17, 147; Hull and Bergdahl, loc. cit. 

^ 1 nternaiional Critical Tables, 1929, 5, 220. Sec also Lueken and G(4dhoff, Ber. 

dent, ■phijsikal. Ges., 1912, 14, 169; GehlholV and Neuiueier, ibid., 1913, 15, 876, Lueken 

and Neumann, Zeitsch. physikal. Chern., 1924, iii, 431. 

' Bridgman, Broc. Annr. Acad. Arts and Sciences, 1922, 57, 77; 1923, 59, 119. 

® Lorentz, Pogg. Annalen, 1872, 147, 429; Wied. Annalen, 1881, 13, 422, 582; Janettaz, 

Ann. Chivi. Phys., 1873, [4], 29, 38; Matthlessen, ibid., 1858, [3J, 54, 255; Gelilhotl ancl 
Xc'umcicr, Ber. dent, physikal. Ges., 1913, 15, 1069. 

^ AIcLennan, Nu'cn and AMllielm, Phil. Mag., 1928, [7], 6, 606. Sec also Meissner, 
Zeitsch. Ges. Kalte-Pnd., 1929, 36, 62; Meissner and Voigt, Ann. Physik, 1930, [5], 7, 892. 

Kapitza, Proc. Poy. Soc., 1929, A 123, 292. 

Matsuyama, Kinsoku no KenJeo, 1926, [4], 3, 254; Trans. Anier. Soc. Steel Treat/ncnt, 
1926, 10, 31S. See also Matthiessen, loc. at.; Hrhard, Wicd. Annalen, 188J, 14, 504; 
Gehlhoff and Neumcier, Ber. dcnit. physikal. Ges., 1913, 15, 876; Northrup and Suydam, 
J. Franklin Inst., 1913, 175, 153; Bridgman, Proc. Amcr. Acad. Arts and Sciences, 1933, 
68, 95; Allen, Phys. Pevietv, 1933, 43, 569. 
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temperature coefTicient and the pressure coeflieient ^ have been deter- 
mined. 

For an anthuonij-pkiiiniim couple, it the cold junction is juaintained 
at 0^^ C., tlie il lenno- elects omoticc force in microvolts may he calculated 
for any temperature between 0" C. and 630° C. from the equation : “ 

siifpt =46-2H -f- 0 - 0313/2 - O-OOOOITT/^ 

and the iherrao-electric pozeer, in microvolts per degree centigrade, from 
the equation : 

Sr, Qn = 16-24 V 0-0636/ - 0-00001433/2 

The magnetic susceptibiliiy, using a field hung between 1029 and 
13,680 gauss, is -0-8138 x 10~^. This value appears to be independent 
of the held strength.^ For a single crystal the mean magnetic suscepti- 
bility^ is -0-80 X 10"^, the susceptibility depending upon the position 
of the crystallographic axis with respect to the direction in which the 
susceptibility is measured. There is little variation in the susceptibility 
betw'een room temperature and that of liquid air. The magnetic 
anisotropy is ascribed to the unequal valency group in this clement.^ 
The influence of particle size upon the diamagnetic susceptibility of 
antimony has been examined. According to some investigators ® the 
diamagnetic susceptibility falls as the size of particle decreases, tending 
to become constant at a diameter less than 0-5^. It has also been 
stated, however, that the size of particle is practically without effect.'^ 

The Thill effect ^ at 20° C. in a magnetic field lying between 4 and 16 
kilogauss is +19-2 x 10“^ volt-cm. per ampere-gauss. The variation of 
Hall effect with temperature,^ and with variation of the magnetic field, 
has been investigated. The Corhino effect Etiingsha-usen effect, Nernst 
effect and llighi-Leduc effect have also been examined. 

The refractive index varies from 3-04 to 3-17, according to wave- 
length, the corresponding absoiqMion coefficients varying from 1-63 to 
1-56. 

Explosive, Amorphous or /3 -Antimony is usually obtained by 
the electrolysis of solutions of antimony trichloride. It was first 

^ Bridgman, Froc. Amer. Acad. Arts and Scie/Lces, 1917, 52, 573; 1922, 57, 48. 

- Initrnational Critical Tables, 1929, 6, 214; Telabon, Ann. 'physiqne, 1920, 13, 169; 
Corn.pt. rand., 1923, 176, 1309. 

^ Isnardi and Gans, Ann. Fhysik, 1920, [4], 61, 080; Owen, ibid., 1912, [4’|, 37, 657; 
Honda, Ann. Fhysik, 1910, [4], 32, 1027. 

^ McLennan and Cohen, Trans. Ftoy. Sac. Can., 1929, Section III, 13'j, 23, 159. See 
also de Haas and van Alphen, Froc. Acad. Sci. Amsterdam, 1933, 36, 263. 

^ Vaidyanathan, Indian J . Fhysics, 1930, 5, 559. 

^ Rao, Indian J. Fhysics, 1931, 6, 241; Nature, 1931, 128, 153; Yaich-anathan, Jar. 
cit.; Nature, 1930, 125, 672. 

" Verma and Mathur, J. Indian Chern. 80 c., 1933, 10, 321. 

® Ettingshausen and Nernst, Sitzungsber. K. Alcacl. llU6-o‘. Wien, 1886, 94 11, 560; 
Barlow, Ann. Fhysik, 1903, 12, 897; Zahn, ibid., 1904, 14, 886; Alterthurn, ibnt., 1912, 
39, 933. 

^ Alterthurn, loc. cit.; Barlow, loc. cit. 

^0 Barlow, loc. cit.; Cantonc and Bossa, Mern. accad. Italia, Tis. 2 , 1930, No. 1. 

Adams and Chapman, Fhil. Mag., 1914, [6], 28, 692; Chapman, ibid., 1916 [GJ 32 

303. 

Zahn, loc. cit.; Barlow, loc. cit. 

Zahn, loc. cit.; Barlow, loc. at.; Nernst, Wied. Annalen, 1887, 31, 760. 

Zahn, loc. at.; Barlow, loc. cit.; Alpheus W. Smith and Alva W. Smith, Fhys. 
Pi.eview, 1915, [2], 5, 35. 

Drude, Wied. Annalen, 1S90, 39, 481. 
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prepared by Gore ^ in October 1854 from solutions of anti mony tri- 
chloride, tribromidc and triiodidc. The product obtained in each case 
was dilTcrent, and in each case was contaminated witli the corresponding 
halide, that I'rom the solution of antiruony trichlojide containing about 
6 per cent, of lialidc, and that from the solution of antimony triiodidc 
about 22-2 per cent. Two specimens obtained from the electrolysis 
of antimony trichloride gave the following analysis : 


Sb 

. 93-36 

93-51 

SbCL, . 

5*98 

6-03 

HCl ^ . 

0-46 

0-21 


99-80 

99-75 


Gore concluded that this variety of antimony was cither capable of 
forming an imstable compound of indefinite composition with antimony 
halides, or that it was an amorphous variety in which the halide was 
mechanically entangled. 

Both crystalline and amorphous antimony may be obtained by 
electrodeposition from solutions of antimony trichloride in hydrochloric 
acid, the nature of the deposit depending upon the temperature, con- 
centration and current density,^ increase in temperature and decrease 
in current density favouring the formation of the crystalline modification. 
Cathodes of platinum, copper, manganin, graphite, zinc and mercury 
have been emplo\'ed.^ X-ray examination of the deposit obtained 
from solutions of antimony trichloride in glacial acetic acid, using a 
copper cathode, indicates that the nature of the de])osit is not affected 
by a chaiige in current density from 0*1 to 0-7 ampere per square centi- 
metre ; that for a given concentration amor])hous antimony is deposited 
at a higher temperature than from aqueous solutions (particularly at 
lower concentration), while at a given tcm])crature amorphous anti- 
mony is deposited at lower concentrations than from aqueous solutions.'^ 
Amorphous antimony is de])Osited from solutions in glacial acetic acid 
containing 10 grams SbCl.^ in 100 grams solution below 40° C., and from 
solutions containing 50 grams SbCl^ in 100 grams solution below 55° C. 
Within this range a mixed deposit is obtained. 

Thin layers of antimony deposited on cellulose nitrate films show, 
from electron diffraction ])attcrns, an amorphous structure if the deposit 
is not too thick, while thick de]:)Osits show only a crystalline structure. 
Witli very thin layers the amorplious structure persists indefinitely, 
while with deposits of medium thickness crystalline spots appear after 
a time and gradually spread throughout the deposit.^ 

A black, amorphous modification of antimony, probably identical 
with that described by Cohen, has been prepared by the actioa of oxygen 
or air on liquid antimony trihydridc cooled to about - 40° C. ; and also 
by the ra]:>id cooling of antimony vapour.® A similar ]3roduct has been 
obtained by the reduction of antimony compounds in the presence of 

1 Gore, Phil. JJaq., 1855, [4], 9, 73; FhlL Tran-^., 1858, 148, 185, 797; 1862, 152, 323; 
J. Chem. S(jc., 1863, 16, 365. 

- Kersten, Phy,m:s, 1932, 2, 276; Cohen and Coffin, Zcitdch. jjhydikcrl. Chc/n., 1030, 
149 A, 417; Boiim, Zeiidch. an.nrg. Chan., 1925, 149, 217. 

^ von Sieinv'ch]' and Schulze, Zatsch. Fhysil:, 1930, 63, 815. 

Stillwell and Audrieth, J. Anitr. Chan. Foe., 1932, 54, 472. 

^ Prills, Naiiire, 1933, 131, 760. 

^ Stock and Sicbert, Ber., 1905, 38, 3837. 
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antimony trichloride A In the absence of the trichloride, however, only 
the crystalline modification is obtained. 

By heating antimony in a stream of nitrogen a substance resembling 
amorphous antimony has been obtained ; “ it is stated, howc^'er, to be a 
mixture of antimony with antimony trioxide, ^ and was not obtained 
when pure antimony and pure nitrogen were used. 

A vitreous amorphous form of antimony has also been formed ^ by 
the rapid quenching of small drops of antimony which has been fused 
with antimony trisclenide. The presence of antimony triselenide 
retards the crystallisation of antimony considerably. These amorphous 



pellets are moderately stable even when heated to 500° C., but crystallise 
much moi’C rapidly at 5!2()° Cf 

Amorphous or /S-antimony is metastablc at all tcm])eraturcs below 
the melting ])oint. The transformatioji to the stable rhombohedrjd or 
a-Torm takes j^lace very slowly at ordinary tenq^craturcs, particularly 
in the absence of any external stimulus. If the /3-allotrope is seratchcci, 
however, the trajisformation takes plac*e mueh more rapidly, and may 
even approach explosive violence. The system is probably mono- 
tropic ; the conditions of equilibrium are represented diagramatieally ^ 
in iig. 1. It will be seen that the vapour pressure of the /3-allotro])c 
is always higher than that oC the more stable a-form, and that the two 
vapour pressure curves intersect at a point (the ''transition point'') 
above the juclti ng points of both allotropcs. 

^ atul Oliiroii, Atii IL Acmd. Lhicci, 1933, [GJ, ij, 363. 

“ Morarcl, C(^fN/)f.. rc.-iid., 1888, 1 07, 430. 

(Jolien atid Olic, Z(dl,-<ch. '})hy,<lL'(d. Chcin., 1908, 61, 388. 

Tarnciarm and iMullcr, Zuf.^cdi. miory. Chem., 1934, 221 , 109. 

Cddien, J . Aoc. Chcjn. Ind.., 1929, 48 , 162; Friend, “A Text-Book ofBhyslcal Che'//t istnj ” 
(Crii'lin, 1932), A’ol. I, n. 179. 
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Amorphous antimony obtained by electrolysis is always contamin- 
ated by antimony halides, and it has been shown that the halides arc not 
held mechanically ; ^ it is assumed that tliese preparations arc solid 
solutions of antimony halide in the meta stable /3-allotrope,“ and on this 
assumption it is possible to rormulate an explanation of the explosive 
nature of the transformation from P to a. When amorphous antimony 
is scratched, the heat developed by the scratch is sufficient to accelerate 
appreciably the rate of transformation. As the transformation itself is 
exothermic, (see below), the surrounding material becomes heated, and 
thus the transformation progresses almost instantaneously throughout 
the mass. Allowing for heat losses by radiation, etc., the rise in tem- 
perature is suflicient to volatilise the contaminating antimony halide, 
and this rapid volatilisation is responsible for the explosive effect. It 
should be stated, however, that a transition temperature of 96° to 100° C. 
for the transformation from p~ to a-antimony has recently been reported.^ 

Photomicrographs of explosive antimony (deposited electrolytically) 
have been examined before and after the “ explosion.” (The ‘‘ ex- 
])losion ” was effected by a spark from an induction coil or from a 
Leydeii jar, or by touching the film with a hot needle). The polished 
surface be.fore the explosion resembles that of any other soft bright 
metal. After the explosion, a very large number of fine lines is, 
however, develoiicd, parallel in that part of the him remote from the 
origin of the ex])losion, but arranged in concentric circles around that 
origin. These lines apparently are not a surface effect.^ 

The heat of iransformation is 20 gram-calories per gram.^ 

The heat capacity ^ between 150° C. and 411° C. is given by 

II ^0-0535656 - 0-46635 x 10"^^ V 0-15497 x lO'^i^ gram-calories jDcr gram. 

The specific electrical resistance ^ is 50,000 to 90,000 times greater 
than that ol' rhombohedral antimony. 

Yellow Antimony, an unstable allotropc, has been prepared by the 
action of oxygen on antimony trihydride at - 90° C., and by the action 
of antimony trihydridc on chlorine dissolved in ethane at -100° C. in 
red light. ^ It has only been obtained in very minute quantities, 
reverting (above -90° C.) to the black (probably amorphous) modifica- 
tion. It is believed to be isomorplious with yellow phosphorus and 
yellow arsenic. 

By condensing the vapour of antimony obtained by cathode splutter- 
ijig, the metal can be obtained in a form which has an extremely high 
electrical resistance.^ In this condition the chai'acteristic X-ray 
pattciais ai'c no loiigcr obtained, tlvus suggesting that the metal is now 
amorphous. By heating to 173° C. the normal foian of the metal is 
again obtained. 

Spectrum. — Antimony compounds impart no characteristic colora- 
tion to the Bunsen flame. The wavelengths of the principal lines of the 
arc Sjjcctrmn, measured in Angstrom units [lA. =10'^ cm.], arc given 

^ Colicn and Itingcr, ZrHsrh. physikal. Chttn., 1904, 47, 1. 

- Cohen and 8trcng(-rs, ibid., 1905, 52, 129. 

^ von >Sicin\v(dir and 8clinlzc, loc. cit. Sec also Levi and Gliii’on, loc. at.; 8cliu]zc 
and Graf, Mdallicirtuchaft, 1933, 12, 19; Schulze, Zaitsch. physikal. Chein., 1933, i6s, 188. 
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below. The numbers in parenthesis indicate the relative intensities of 
the lines, tlic lowest numbers indicating the weakest intensities. Wave- 
lengths marked (a) are those of lines emitted by the neutral atom, those 
marked R are ol' lines that are easily reversed.^ 

1I8C1 (4), 11208 (4), 10840 (5), 10743 (5), 10678 (10), 10587 (5), 
10263 (4), 10080 (4), 7924-6 (6), 7844-4 (4), 6806-3 (6), 6778-4 (6), 

6129-9 (6), 6079-6 (6), 6005-0 (6), 5730-4 (4), 5632-0 (4), 4033-5 (6 a), 
3722-8 (8 a), 3637-8 (9 a), 3883-2 (5 a), 3267-48 (8 a R), 3232-52 (8 a 11), 
3029-8 (8 a R), 2877-920 (10 a R), 2851-1 (4), 2769-95 (10 a R), 2727-22 
(5 R), 268-2-77 (4 R), 2670-67 (5 a R), 2598-076 (10 a R), 2528-53 

(6aR), 2373-7 (4 R), 2311-5 (6 a R), 2306-5 (5 R), 2179-25 (4 11), 

2175-88 (5 a R), 2068-38 (4 a R). 

The principal lines of the spark spectrum arc : 

5639-7 (5), 4693-0 (10), 4591-8 (5), 4352-2 (10), 4265-0 (10), 

4195-1 (8), 4033-5 (4 a), 3722-8 (5 a), 3687-8 (6 a), 3504-5 (10 a), 
3498-5 (10), 3473-9 (10), 3267-5 (10 a), 3241-2 (10), 3232-5 (10 a), 
8040-7 (10), 3029-8 (10 a), 2913-3 (5), 2877-920 (10 a R), 2851-1 (4), 
2790-4 (10), 2769-95 (10 a R), 2727-22 (8), 2718-90 (10), 2682-77 (5), 
2670-67 (5 a), 2652-60 (8), 2612-32 (8), 2598-076 (10 a R), 2590-29 (10), 
2528-54 (10 a R), 2478-34 (6), 2445-55 (6 a), 2383-64 (4), 2311-5 

(10 a R), 2306-5 (4), 2054-0 (6), 2039-7 (5), 2023-9 (4), 1926-6 (5), 

1870-6 (10), 1867 (8), 1810 (5), 1783 (10), 1762 (10), 1731 (5), 1725 (6), 
1712 (6), 1585 (8), 1566-3 (8), 1514 (10), 1438 (10), 1307 (10), 1225 (10), 
1211 (10), 1205 (10), 1193 (10), 1171 (10), 1168 (10), 1162 (10), 1048 
(10), 1042 (10), 1012 (10), 981 (10), 976 (10), 861 (6), 805 (5). 

The most persistent lines emitted by the neutral atom, together with 
the combinations of spectral terms (energy states) from which they arise 
are:" 2068-38(<‘S, -RU,), 2175-88(^8, -R^). 2311-50(^8, -R^j), 2528-53 
(^Dj-^Pj), 2598-08 (RR-R\), 3232-52(R^', -2p,), 8267-48(2P' j - R^i). 

The absmplion spectrum of antimony vapour shows a banded 
structure extending from A 2305 to A 2250 A. with a constant interval of 
nearly 15 A. At higher temperatures another banded structure occurs 
in the region A 2830 to A 3000 A. Fine lines have also been observed at 
A 2312 and A 2306 A. and at higher tcmiicraturcs at A 2770 A., but 
subsequent investigation failed to reveal these lines.® 

From a stud}' of the absorption spectrum^ it has been suggested 
that three types of diatomic molecules can exist in the vapour of 
antimony and that they occur in the ])rof)ortions 

(Sb’"i), : 81T®i.Sbi®® : (Sbi23)., = 5 : 8 : 3 

In the aecom|)anying bibliography references arc given to the more 
im])ortaut researehc.s dealing with the arc spcctrurnp and deductions 

^ J. )il(:rn(iiioml Critiad Tables, 1929, 5^ bibliograpliy is includcRl. 

“ T)ite.rrtalio)i.(d Critical Tables, 1929, 5, 324. 

^ FraA-'nc and Smith, Phil. Ma(j., 1926, [7{, i, 732. Sec also Xarayaii, 'ibid., 1925, 
[() !, 50, 6-45; Dobbic and Fo.x, Proc. Roy. Soe., 1920, 98 A, 147; Charola, Physikal. Zeitsidi., 
1930, 31, 457; Kuark, iMohlcr, Foote and Chenault, U.S. Bureau of Ptandard.s, Pcieuee 
Papers, 1924, 19, Xo. 490, 463; Xakamiira and Shidci, Ja/pati J. Physics, 1935, 10, 11. 

S. >1. XhiTidu, PJiys. Revivw, 1934, 45, 280. 

^ Krotzer, ZedtscJi. wiss. Pholoehem., 1910, 8, 45; Grecai and Loring, Phys. JUvie.io, 
1928, 31, 707; Charola, loe. cit.; TJnic. La Plata, Estudias Ciencias, 1929, 89, 205; 
Malurkar, Proc. Cand). JCiil. Poo., 1928, 24, 85; McLennan and McLay, Trans. Roy. Poc. 
Canada, 1028, [3j, 21, 111, 63; K-uark, MoIiIcr-, FMotc and Chenault, loc. cd.; Fina dc 
Kubies and Bargues, Zeitsch. auorg. Chem., 1933, 215, 205; Kracmer, Zeitsch. anal. 
Chetn., 1934, 97, 89. 
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from it regarding suh-atomic structure,^ the sjyark spectrum.,- the flame 
spectrum f the ultra-violet spectrum f series spectra f the. ultimate rapsf 
the Zeemann ejfectf and tlie critical potential, resonance potential and 
thermionic discharge spectra.^ 

From the spark s])ectra of antimoin'^ in various degrees of ionisation 
it is calculated that tlie ionisation potential for singly ionised antimony 
is 18 volts (or 18-8 volts), and that for doubly ionised antimony 
24*7 volts. 

By illuminating the vapour of diatomic antimony by a mercury arc 
of high luminosity, a rather strong fluorescence has been obtained, 
exeited by four mcrcuiy lines and possibly by two others.^- 

The wavelengths of the most persistent lines in the spark spectrum 
of solutions of antimony chloride, together with the dilution at which 
the lines persist, are as follows : 


1 per cent, to 

OT per cent, to 

■ O'Ol per cent, to 

OT per cent. Sb • • " 

0*01 per cent. Sb'^ ^ “ 

0-001 per cent. Sb - 

3739-95 

3597-51 

3504-51 

3337-15 

3267-53 

3232-54 

3029-86 

3029-86 


2877-92 

2877-92 

2877-92 

2790-39 

2790-30 


2598-08 

2598-08 

2598-08 

2528-54 

2311-48 

2528-54 

i ;; 


! 


’ .McLennan and YcLay, Loc. at.; Green and J..arce', 2s at. Acad. 2Scltnce., .11)28, 14, 

706. 

“ Kretzer, loc. cil.; Dliavalc, Xalure, .1920, 126, 97; l^ane:, Phy.^. Revie.v:, 1920, [2], 
35, 44,1; Cainpeili, Nuovo Cim., 1928, 5, 291; Soullilon, Conopt. re.itd., 1929, 188, 1102; 
Paltabhirainiah and Kao, Ivdlaji J. JUiy.Acs, 1929, 3, 427. ^ .Kretzer, loc. cif. 

JMoch, Compt. rend., 1924, 178, 472; 1920, 171, 709. 

^ Lang, Proc. Nat. Arad. Anc/ice, 1927, 13, 241; van Lohnigen, Proc. K. Ahad. 
WeiCfuscJi. Anusterdam, 1912, 15, 21. 

^ de Gramont, Covijd. rend., 1908, 146, 1260. 

' van der llar.st, Arch. Neerla'nd, 192,1, [2 AJ, 9, J ; Proc. K. Akad. Weten.sch. Anisler- 
d(ini, 1920, 22, 200; Purvis, Proc. Canib. Phil. S(jC., 1907, 14, 217; Lowenthal, ZeiUch. 
Phyeilc, 1929, 57, 822; Green and Loring, loc. at. 

^ Ruark, Holder, Foote and Chenault, loc. cit.; Siksna, Cornpi. rend., 1922, 196, 1986. 
For further refereneci to the spectra of antimony, see Gdibs, Vieweg and Gartlein, J^hys. 
Per ten:, 1929, 34, 406; Gibbs and Vicwcg, loc. at., p. 400; Xegresco, J. Chhn. phys., 
1928, 25, 262; Green and J^anen Nature, f928, 122, 241; Zumstein, Phys. Pevieic, 1927, 
29, 209. 

^ Lang and Vestnne, Phys. Review, 1922, 42, 222; Dhavale, Pioc. Roy. Soc., 1921, 
A 13 1, 109. Lang, P/rys. Review, 1920, 35, 44,1. 

8ee also Badami, Proc. Phys. Roc. London, 1921, 43, .128; Lang, Phys. Review, 1932, 
39, ,128; Ricardi, Atti, R. Accad. Lnicci, 1927, [6], 6, 428. 

Genard, Nature, 1922, 131, 122; Phys. Review, 1922, 44, 468, Sec also Siksna, 
Co nipt, rend., 1922, 196, 1986. 

Paly, "Spectroscopy'' (Longmans, 1027), \'ol. II, p. 144. 
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The X-ray spectrum has also been examined, the lines in the K 
sei'ies ^ and the series “ having been recorded. 

Single crystals of antiinojiy have been prepared, the inethods 
adopted being, in general, similar to those employed tor bismuth (sec 
page 131). Among the properties of such single crystals that have been 
investigated are the 7nechanical properties^^ the electrical resistance,^ the 
thermo -electric properties,^ and the ^nagnetic susceptibility.^ 

Chemical Properties of Antimony. 

Antimony does not combine directly with hydrogen, and can be 
\x)latilised by heating in a stream of that gas.^ Antimony compounds 
arc reduced by nascent hydrogen in acid (but not in alkaline) solution 
Ibrming antimony trihydride or stibine. Metallic antimony is pre- 
(‘ipitated Jrom solutions by hydrogen at high temperature and pressure.® 
With solutions of antimony trichloride of concentrations up to 50 per 
cent., and hydrogen at a pressure up to 150 atmospheres, the quantity 
of precipitated material is proportional to the pressure. The reaction 
is ()!' the first order with pressures between 15 and 150 atmospheres and 
concentrations less than normal. It is calculated that from a normal 
solution of antimony chloride at 20"^ C., with hydrogen at a pressure of 
100 a tmospheres, the prcdjhtation of 1 per cent, of metal would require 
100 yc‘ars. Tncu'casc of hydrogen ion retards the precipitation of 
a-nthuon}'.^ From the behaviour of antimony as a catalyst in the silent 
reaction beLvv(;en Iiydrogcn and oxygen, the metal does not appear to 
absorb hydrogen.^^’ 

Antimony is not apj)rcciably affected by exposure to dry air, but in 
t h(‘ prc‘scn(*(^ o(‘ light and moisture oxidation takes place. It burns 
l)riIlianMy (‘\a*n in very dry oxygen. It is oxidised to antimony 
[)(aifoxid(‘ by ozone. 

It, ({('composc's stc^ain only at very high temperatures, hydrogen and 

‘ (\>vk and Strphenson, P/i //.-<. }icric.u\ j02(), [21, 27 , d.SO; J^oidc;, Cowpt. remd., 192"), 
180 , 1208; nay, I'hK. 11)2-4, [()[, 48 , 707; Walter, Zcitsvli. Pfiyslk, 1924, 30 , 8 ">7 ; 

Sicyljaiui, Jiirfifi. !i(id. /'JlcLiroN 1910, 13 , 290. 

•' Ihrata, Pror. Poy. Anr., 192-4, A 105 , 40; Kellst roiii, Zcitsch. PhyPik, 1927, 44 , 
20!), \\)kvi)\\h\iy,Ziitsrh. Phy.^ik, 1920,35,890; Ray, /or. r/O ; DnuxilVio.v, rc.vd 

1921, 173 , 118S; Cost (‘I’ and Muldor, Zcitsch. l^hysih, 1!)20, 38 , 204; Lindsay, 

1922, 175 , 180; Hjalniar, Zjtitsrh. Physil:, 1920, 3 , .802; Druy vestevii, ZZiLsc.h. 
/7///w/;. 1927, 43 , 707; ('ost(‘r, Phil. May.. 1922, [0], 43 , I07S. Scu' also CiiainOerlain, 
Xatui,. 11)21, oOO, Pfiys. luvuir. 1928, {2], 26 , 525; (diainherlaiii and Lindsay, 

Phi/r P> rt( u\ 1927, [ 2 ], 30 , .‘>09; Rlak(‘ and Duane, Phys. Rcncir, 1917, [2|, 10 , 097; 
dun on, Ziit.-:ch. Phy.'^ih. 1920), 35 , 8S7 ; I iitrrnational (Jntical Tahl(\s, 1!)29, 6 , 85, 88 . 

• LiiU'di and Ln\, Prt>r. IP>y. < 8 'nr., 19.80, A 127 , 4,‘iL 

‘ Idid-'inan, I'rnc. Anur. Arad. Arts and Scirnrcs., 1929,63,851. 

■' Rf!d"inan, !<ir. ri/.; Prar. Sat. Arad. Pci.. 192S, 14 , 9-1.8. 

■' MfLcruian and ('ola-n, 'Praus. Pay. S<ir. Panada, 1929, [ 8 ], 23 , 111, 159; Musha.nni, 
/‘hi,’- !!• n> u . 1927, 29 , 905. 

\ and( cldc. Pull, .\rati. lUl’J.. LS95, [.‘p, 30 , 78; Roitya-r, J.'prakt. (JIuni., ISO!), 

I < >7 , LI. 

' lpalic\ and Ndkolaicv, ./. Puss. Phys. (Jhrnt. Sor., 1920, 58 , 098. 

■' Ipattc'v, iun , la r.. lOlil, 64 B, 2725; l])atiev and Tredorovitch, ./. Pen. Chnn. Puss., 
19.81, I, 729; ’/5r., 1982, 65 B, 575. 

i\ ne'er, Z< itsrh. uimry. ('him., 1980, 194 , 78. 

“ SeiionLcin, Pixjij. Annahn, IS-IS, 75 , 802; ,/. ynikt. (Ihv/n., 1855, 66 , 272. 

' L. r/.clni;.., Srhin h/yi Ps ,/., 1812, 6 , 14-4; 1818, 22 , 09; Proust, (Pdihtds Ally. J. 

( h-m.. ISO.). 3 , .’>18; Pdhirt's .innalcji. 180(5, 25 , LSO. 

Dal-.er and l)i\on, Pri/C. Pay. Sar., 4888, 45 , 1. 



AXTIMOXY AYD ITS ALLOYS. 


21 


antimony trioxidc being formed ; ^ precipitated antimony reacts more 
readily. “ Neutral hydrogen j3eroxide is without action, but in the 
presence of an alkali antimonates are formed.^ 

Antimony burns vigorously in fluorine ; ^ it also combines direct!} 
with chlorine, bromine and iodine,^ with tlic flrst even when very dinn^ 
Hydrofluoric acid is without action, while hydrochloric acid attacks 
antimony only in the presence of air.'^ The solvent action of hydro- 
chloric acid is increased by the addition of a little nitric acid ; ^ aqu? 
regia converts the metal completely to antimony trichloride and anti- 
mony pentachloridc. With nitrosyl chloride the com]30und SbCl 5 .NOC 
is obtained.^ 

When antimony is fused with sulphur, combination takes place witt 
the formation of antimony trisulphide. (It is doubtful whether eithei 
a higher or a lower sulphide is also formed.) The elements will alsc 
combine when heated together with water in a sealed tube to 200^ C. ; 
and when a powdered mixture is subjected to high pressures. Dry 
hydrogen sulphide attacks antimony at 360° C. and above, antimonv 
trisulphide being formed ; when the metal is heated moderately in 
a stream of sulphur dioxide, a mixture of antimoii}^ trioxide and 
antimony trisulphide is obtained. Warm concentrated sulphuric acid 
attacks antimony forming antimony sulphate, but both dilute and 
cold acid are without action. 

When antimony is heated with the vapour of thion}d chloride, the 
latter is decomposed with formation of antimony trichloride.^*'^ Sulphui 
monoxide is also formed and it is suggested that the reaction proceeds 
according to the equation : 

3SOC1 0 + 2Sb = 2SbCl3 + 3SO 

When antimony is heated in a stream of sulphur 3 d. chloride (diluted 
with carbon dioxide) the metal is converted to the trichloride.^'^ 

Antimony does not combine with nitrogen. It is attacked by nitric 
acid with evolution of nitric oxide, the remaining products depending 
upon the concentration and tcm])eraturc of the acid. The action takes 
]3lacc only slowly in the absence of nitrous acid.^^ xAntimonv’- nitrate 
may be formed when cold, dilute acid is used : but more generally n 

1 .Berzelius, loc. oil.; Repjnanlt, Ann. Chi/n. Phys.^ 1836, [2], 62, 362. 

- .Ditte, Conipt. rend., 1S92, 115, 939. See also Thiele, Amuilc.n, 1891, 263, 301 
RufT and Albert, Bar., 1905, 38, 54; Cohen and Ringer, ZeitscJi. physikal. Chon., 1901 
47- 12. 

Clark, ,7. Chnni. Bor.., 1893, 63, 886. 

^ dloissan, Ann. Chirn. Phys., 1887, [6], 12, 523; 1891, [6], 24, 247. 

Florcsco, Bui. Far. Btiinte Cernauti, 1929, 3, 24; Chon. Aentr., 1931, i, 1586. 

Cowper, J. Chon. Soc., 1883, 43, 153. 

■ Ditto and Metzner, Compt. rend., 1893, 115, 936. See also Clasen, J. praJd. Oheru. 
1864, 92, 477; von der Planitz, Bull. Soc. chim., 1875, [2], 24, 69. 

^ Cooke, Jh'oc. Ainer. Acad.. Art-^ and. Sciences, 1877, 13, 18; Ilohiquct, Anvn. Chi'/n 
Phi/s., 1817, [2], 4, 165. 

^ Sndborough, J. Chon. Soc., 1891, 59, 655. 

Oeitner, Annnlcn, 1864, 129, 359. 

Spring. Ber., 1883, 16, 999. ' 

I'hl, Bor., 1890, 23, 2154. Stag however, ScliifT, Annaloi, 1861, 117, 95; Geitner 

[fir. Oi. 

Sehenck and Phuz, Zd/srh. anorg. Chern., 1933, 215, 113. 

Dannecd and Selilottrnann, Zot.srh. a.norg. Chain.., 1933, 212, 225. Cor the aetioi 
of eompoiinds eontaininc chlorine and sulphur, see Heumann and Koeblin, Ber., 1882 
15, 419, 1737; 1883, 16^482, 1625. 

Yillon, Ann. Chim. Phys., 1842, [3], 6, 101. 
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theoretical calculation based upon van der Waal’s equation indicated 
that the molecide of antimony may contain about twelve atoms. ^ 

The normal electrode potential, ^ Sb/Sb'^'^'+, is t- 0*244 volt measured 
on the hydrogen scale at summer temperature. In a lOA^ solution of 
potassium hydroxide a4 20° C. the electrode potential is given by 

0*058 , 

h — — 0 * 6/0 H — ^ — log Csb 02 “ 

the process of solution being rejmesented by 

Sb ^40H--r3@ — > SbOo" +2lToO 
If the reaction proceeds according to the equation 

SbOo~+20H-+2© ^^Sb03“+H20 . 

then the potential is given by 

-0-589 log (Cs,03-/C3bo.-) 

Passivity of the antimony anode is not attained unless the current 
density exceeds 7*5 amperes per sq. dm. 

The antimony electrode has recently received considerable attention.^ 
The electrode consists of a rod of metal connected by a copper wire to a 
calomel cell. The rod should be clean, and should di]> into a solution 
containing sus]:)cndcd purified antimony trioxide, which should be 
stirred continuously. Cast antimony ap])cars to be preferable to 
elcctrolytie metal. ^ The value of E is given as ^ 

E= +0*030 +0*05015pH 

The temperature coefficient is stated to be 0*0013 volt per degree in 

^ von taar, Proc. K. Abid. ]V('lc/hsch. Aniderdmn, 1016, 19 , 2. 

- Jcllinek and Gordon, Zaiisch. ■pliyPibiL Chani., 1924, 112 , 207. 

•’ Grubc and Schweigardt, ZAt.^.ch. PlaktruchenL, 102.3, 29 , 257. 
tenwick and Gilman, J. Biol. Clum., 1920. 84 , 605; IVcstenbrinlr and Tcler.i:, 
Ni'.dorlaiid. TijdEc.hr. Gaieashundey 1920, 73 , 1., 2073; Brinkman, ibid., 1029, 73 , 11, 
5000; Harrison and Vridhachalam, Alcrn. Ayr. Indui, Chcon. Scr., 1929, 10 , 157; 

Jtano, Id'Y. Ohara [nst. landio. Borsch. Ja-parn, 1029, [2], 4 , 190, 273; Shukov and Gouikov, 
J. Ilu<!s. Ph/js. ChcDi. Soc., 1920, 6 i, 2055; Zcitsch. Blcklrochcvi., 1030, 35 , 853; Vogel, 
J. Soc. Chc/ni. Jvd., 1030, 49 , 207 T; Ilahn, ZcAfsrJi. angew. Cheoi., 1030, 43 , 712; Lava 
ajid Hcmuaics, Phil ippi)ie A(/r., 1028, 17 , 337; Vies and VAllinger, Arch. phys. bioL, 1027, 
6 , 38, 02; IL’inlnnan and liuytendijk, Biochon. Zell., 1028, 199 , 387; ih'cwcr and Mon- 
tillon, Tunis. Acner. Blcctrochan. Son., 1000, 55; Bnytendij’k, Arch, 'necrlaiid. physiol., 
1027, 12 , 310; Boberts and Fenwick, J. Am.er. Chan. Boc., 1028, 50 , 2125; Lindemaii, 
Middingcr N urges Ldvdbruks, 1026,6,302; SiU'dcr, Boil Bcicncc, 1028, 26 , 107; Koltholl 
and Furman, " Potcntio/netric Tilrahons'' {Sew York), 1026, 225; Vellingcr, Chimie el 
Jiidiistrio., 1033, Special Xo., June, 218; Ann. cornbusliblt lie/widcs, 1034, 9 , 673; Farkes 
and Beard, J. Phys. Chcni., 1033, 37 , 821; Bodforso and ilolmc|uist, Zcitsch. physilcal. 
Chon., 1032, 161 , 61; Catenacci, Bind. sacc. Pal., 1931, 24 , Xo. 8 ; Int. B'ugar J.. 1932, 34 , 
185; Boche and Bochc, Arch. phys. hioL, 1032, 9 , 273; King, Ind. Eng. Chem., A'nal. Ed., 
1033, 5 , 323; Li'clerc, Jdill. a.s.'^.oc. ing. clcc. {Liege.), 1032, lO, 210; lannura and Sueda, 
Bull, (ihc/ii. Bor. Japan, 1033, 8 , 1 ; Ihbbard, J. Assoc. Olficlal A gr. Chon., 1933, 16 , 103; 
Clysinck, Arclnc. B u 1 l.:er-ind . N (dol .- f iid ic, 1032, [31, M(h1. 10 , 7i I. 

Ill'll ton and Bobinson, J. Chon. Bor., 1031, 134 , -loS; KoUlioiT and Furman, /or. 
at.; OaiK'nae.ai, Ijc. nt.; Geev, Arch. phys. biol., 1031, 9 , llC; cli Gloria, kiscrlel. Kozb- 
motyck, 1030, 33 , 103; llano, lor. cii. 
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mixture of oxides of antimony is obtained.^ The metal will not burn 
in the vapour of nitric acid.^ It will dissolve in nitric acid to Avhich 
has been added tartaric acid or certain other organic acids, ^ and the 
solution remains clear on w'arming.^ 

Molten antimony combines readily with phosphorus. It reduces 
both phosphorus trioxidc and phosphorus trisulphide wdien heated for 
a long time Avith those substances ; it reacts quantitatively with 
phosphorus trichloride.^ When heated with phosphorus pentachloride, 
a mixture of antimony trichloride and phosphorus trichloride is obtained.® 
The trichloride, trioxidc and trisulphide of arsenic react similarly with 
antimony. 

When antimony is heated in a current of carbon dioxide a reaction 
takes place, beginning at 830° C., and w-hich, at 1100° C., may be 
represented by the equation ’ 

2 Sb +3CO2 =Sbo 03 + 3 CO 

Antimony will react with the alkali metals forming antimonidcs.^ 
It is attacked by solutions of alkalis and of alkali salts. ^ As has been 
stated above, antimony acts as a reducing agent under certain con- 
ditions ; it will reduce the following salts, at least partially : ferric 
chloride,^® ferric sulphate, potassium ferricyanide, potassium nitrate, 
and potassium permanganate (forming manganese dioxide). The 
reduction of silver nitrate depends upon the concentration of the 
solution : from a O’oA" or 0*25iY solution silver may be precipitated 
quantitatively, but with a w'cakcr solution (O-OoA") the reduction is 
incomplete, and a compound, 2Sb203.N205, is formed. Gold chloride 
is completely reduced by antimony.^^ Antimony compounds arc 
reduced to the metal by the action of Bettendorf’s reagent (a mixture 
of stannous chloride and hydrochloric acid).^-^ Metallic antimony reacts 
with iron at the melting point of the Ibrmer.^® 

The atomicity of antimony docs not appear to be known wath 
certainty. Ik’om a calculation of the heat of evaporation it has been 
deduced that antimony, ])ct\vcen the boiling point and melting ])oint, is 
monatomic, remaining in that condition wiren cooled to 357° C. At 
low^cr tcm])eraturcs, polymerisation takes place. On the other hand, a 

^ Bose, J^or/g. AiiiKtlan, J 8 tl, 53 , l,()l; Lt'fort, J. Phtnn. I So'), [3|, 28 , 03. 

- AtLsten, Clicm. A7o/;.v, 1889, 59 , 208. 

Streii}::, JJingl. poly. J J 8 .V), 151 , 389; Czerwek, ZciL'«:.h. anal. Chcni.., [90(), 45 , oOo. 

Tor the action of other nitrogen compounds on antimony, .see (hirtius and l)ara])ski, 
J. j)raht. Chevi., 1900, [2], 61 , 408: 8 a])atier and Sondenms, liull. Aoc. chirn., 1892, [. 3 ], 7 , 
304; Dalietos, rraktilca, 1931, 6 , 92; (Ihnri. Zc-nfr., 1931, ii, 1687. 

^ KralTt and Xoiimann, Her., 1 901 , 34 , oOf) ; Vlicdu'udis, J . prakt. (Jhcni., 1871, [2 ], 4 , 4 2o. 

'• Baudrimont, A/r/i. CAihn.. Phys.^ 1864, ('4|, 2 , 12 . Tor action of phosplioric acid, 
see i'ortevin and Sanfoiirche, (a))npt. naal., 1931, 192 , ir)().3. 

dc Baclio, 1916, 37 , 119. 

^ Leboau, Bull. Boc. rhiiii., 1900, [3], 23 , 250; (Annpt. rend., 1900, 130 , 502. 

° RuiT and Albert, loc. rlt. 

Atthcld, ZcaB^.cJl. aiKfl. Chon., 1870, 9 , 107. 

Boitirer, J. prahl. CIkau., 1874, [2|, 9 , 195. 

Slat{‘r, -/. prahl.. Cheni.. 1853, 60 , 2T7. 

Scndereiis, Bull. Snr. c/ihu., 1896, i3|, 15 , 218. also Toli'ck and Thiininud, 

/>( /•., 1883, 16 , 2446; Scnidcreiis, (lonipt. rend.., 18S7, 104 , 50 1. 

Dexter, Bogy. Annalen, 1857, lOO, 568. 

Tapniicllo, Boll. Chini. Faiin., 1914, 53 , 689. 

Taniinann and .SchearwachUu’, Zeitsch. nnorg. CIuatL., 1927, 167 , 401. 

Jouniaux, Bull. Soc. chim., 1924, [4J, 35 , 46^ 



32 


AXTIMONY AXD BISMUTH. 


soils of varying pH value, ^ while the pH \'aliie against a standard 
calomel electrode varies according to the following : “ 

E + 0*026 + - 18)0-00016 

^ ~ “ 0*0542 -f(E -18)0*000275 

The electrode gives a linear relation between the observed e.m.f. and 
the pH values ^ with a probable error of 0*01 to 0*08 pH.^ It compares 
satisfactorily with the hydrogen and the quinhydrone electrodes,^ and 
has been recommended for use in connection with the examination of 
acids and alkalis, soils, blood, sugar liquors, etc.® It docs not appear to 
be suitable for use in connection with the leather industry.” 

The e.m.f. of the cell : 

Explosive Sb | SbCl;> solution | Rhombohedral Sb 

is 0-014 volt, the temperature coefilcient being 6*8 x 10~° volt per 

degree. If the current exceeds a certain limiting value the cell 
explodes.® 

Antimony exhibits the valve effect in nearly all electrolytes even at 
600 to 700 volts. ^ This is due to the formation of a layer of oxide on the 
surface of the anode. 

The potential difference between antimony and air is 0*16 volt. 
Atomic Weight of Antimony. 

Approximate Atomic Weight. — That the atomic weight of 
antimony is approximately 122, and not a multiiolc or submultiplc of 
this amount, is indicated by several considerations : 

The specific heat of antimony between 0 and 100° C. averages 0*05 
calorie. Assuming a mean atomic heat of 6*4, the atomic weight, 
according to Dulong and Petit’s Law, is approximately 128. 

The properties of antimony indicate that the most appro])riatc 
230sition in the Periodic Table for this clement lies immediately below 
arsenic, in the fifth group. This places it between tin (At. wt. 118*7) 
and tellurium (At. wt. 127*61), so that its atomic weight should lie 
between these values. 

The atomic number of antimony, namely 51, confirms its posiliou 
between tin (At. No. 50) and tellurium (At. No. 52). 

^ clu Toit, S. African. J . Science, 1930, 27, 227. 

“ Avseevitsch and Shukov, J. Gen. Cfiern. Rns,^.. 1031, i, 199; ZeitncJi. ElcMroclieni., 
1031,37,771. 

Fosbindcr, J. Lab. Clin. Med., 1931, 16, 411; Itaiio, luc. clt.; King, d/id. Eraj. 
Chem. (Anal.), 1033, 5, 323. See, however, di Gleria-, lor. cAt. 

Gex, loc. cAt.: Galvez, Philippine Agr., 1930, 19, 219; Tosbinder, loc. cAt. 

^ Itano and Arakawa, Be.r. Ohara Inst, hvndn'. Forsch. Japan, 1930, [4], Xo. 3, 3S3; 
Verain and Mile. Toussaint, Cornpt. rend. soc. lAol., 1030, 103, 011 ; Britton and Robinson, 
loc. Clt. 

^ Bottger and von Szebelledy, Zeifsch. EPHrochern., 1032, 38, 737; A m or. Dyestuff 
Peptr., 1032, 21, 432; Hoiighoudt, Verslag. la.ndb. Onderzoe.h. hijts/a-ndbouivprocfsta 
I*t30, 35, 162; Barnes and Simon, J. Anie.r. Soc. Agron., 1932, 24, 166; Lakshmanrow, 
Curre.nt Science, 1932, i, 34; Shukov and Biiltnnov, J. Ge:n. Chem,. Pass., 1932, 2, 407; 
dn Toit, loc. cil.; Shukov and Gortikov, J . Pirns. Phys. Che.ni. Soc.., 1 029, 6l, 207)0; Zmlsch. 
Ji [(■ ktrochcni., 1930, 35, 853. ' Pleass, Arch, phys, blot., 1932, 9, 267, 

® von Steinwehr and Schulze, Zeilscli. Physik, 1930, 63, 815, 

^ Schulze, Ann. Physik, 1907, [4], 24, 43. 

Andauer, Zeilsch. physikal, Cheni., 1928, 138 A, 357. 
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Application of Avogadro’s hypothesis to the results of vapour 
density determinations of volatile antimony compounds indicates that 
the atomic weight of antimony is approximately 122. 

The mass spectrum of antimony consists of two strong lines, 121 and 
123 respectively, so that the atomic weight of the element must lie 
between these two values (sec p. 38). 

Exact Atomic Weight. — The dissatisfaction expressed by Berze- 
lius in the rvords '' I ch hahe niernals mit einer Materie, zco es so ausser- 
ordentlich sclrjcer gewesen ist, konstante Resultate zu erhalten, gearheitet'' 
has been experienced by many workers on the atomic weight of antimony, 
and few elements have proved so troublesome in this respect. It is only 
during the last few years that consistent values have been obtained ; 
therefore, in the accompanying table, it will suffice merely to mention 
in most cases the mean results of the earlier researches. All the atomic 
weight values have been recalculated from the ratios given, using in 
addition to the antecedent data quoted in the Introduction, p. x, the 
following values : Cu, 63-57 ; Ba, 137-6. 

Of the researches prior to 1921, those of Cooke alone need be 
mentioned. 

Cooke ^ attempted to exercise the same care in his work as Stas had 
done in his classical determinations. He worked, however, with small 
cjuantities, whereas Stas sometimes used more than 100 grams. Cooke 
therefore reduced the error due to occlusion of solution by the pre- 
cipitate by employing much more dilute solutions. In his initial work 
he employed four methods. 

{a) Syiiihesis of Antimony Trisidphide. — Balls of antimony were 
treated with hydrochloric acid containing a little nitric acid, and the 
solution boiled until it became colo\irlcss. The balls were then removed, 
waslicd, dried and weighed ; the loss in weight gave the amount of 
antimony dissolved. The solution was diluted with aqueous tartaric 
acid, and antimony trisul[)hidc prcci])itatcd by means oC water saturated 
with hydrogen sui])hi(le. The washed preci])itatc was dried at 130° C. 
The analysis ol‘ this gave 2Sb : 3S -= 71 •1-260 : 28-5731 , whence Sb = 
120-22. On heating to 210° the red trisul])hide changed into the black 
variety. Tliis ga,ve the- I’atio 2Sb : 3S ^ 71--hSl 8 : 28-5182 ; whence 
Sb- 120-56. 

(5) Afialifsis of ziiitiinonij Trie I do ride. — The material was purified 
by distillation and by crystallisation from carbon disu]])hide. The 
analysis was carried out by dissoKn'ng the triddoride in a,([iieous tartaric 
a.eid a,n(l adding silve-r nitrate solution. The ratio SbChj : 3AgCl = 
53-()66 : 100 gives a, value for antimony, 121-82, almost identical with 
that obtaiiu-d by Dumas, using the same method. Cooke, however, was 
not satisfc'd with the result since it did not agree with certain of his other 
dc'tcaani nations. He adx anecal the suggestion tliat tlic high result Avas 
diu‘ to tlu^ pix'senec' of some oxychloride in the trichloride ; this, however, 
is not sup|)()rlc'd by tin- (-xidenee o( his own work. 

(e) A/iol/jsis of Anlimonn VhvVuYu/nV/e. - The ti'ibromide was ]^rc- 
])arcd by the action of powdered metallic antimony upon bromine in 
carbon disuljihide solution. It was jiui'ilic'd by distdlation oxaa* fnely 
powdt'red antimon\^ and crystallised JVom carbon disuljdiide. The 
ratio SbBr.j : 3AgHr‘ 63-830 100 gave Sb -110-863. 

^ (JoolvC, PriJC. Anicr. Ac(ul. Ails Aci , 1S77, 13 , k 1880, 15 , -•)!; 188], ly, J; Btr., 

J880, 13 , Of)]. 
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DETERMINATIONS OF THE ATOMIC WEIGHT OF 


ANTIMONY. 



1 Xo. 

Atomic 

Autliority. ^ 

Ratio Determined. 

of 

Weight of 


Expts. 

: 

Antimony. 

Berzelius UH12) 

2Sb : SK04 = 100 : 124-8 

i 

129-0 

Kessler - (1855-1860). 

Various methods from which he deduced 



the mean value . . . 


122-37 

Schneider ^ (1856) 

2Sb: 38=71-480 :28-.520 

' 8 

120-55 

Weber UH56) . 

One analysis of SbCl3 

‘ 1 

120-7 

Dexter ^ (1857) . 

2Sb : 8boOr= 79-283 : 100 

' 13 

122-46 

Dumas (1859) . 

SbCl3:3Ag = 70-512: 100 

! 7 

121-83 

Unger ‘ (H"^!) • 

Analvsis of Schlippe’s Salt, XaaSbSi.OHoO 

1 

119-8 

Cooke ® (1877) . 

2Sb : 38 = 71-4818 : 28-5182 

' 11 

120-56 

SbCly : 3AgCl = 53-066 : 100 

; 17 

121-82 


SbBig : 3AgBr = 63-830 : 100 

' 15 

119-863 


SbU-.SAH =71-060: 100 

7 

119-786 

Cooke ° (1880-1881) . 

SbBr3:3Ag = 111-114: 100 

5 

119-861 

Schneider (1880) 

286:38 = 71-459: 28-541 

3 

120-42 

Pfeifer (1881). 

3Cu : 2Sb = 100 : 128-259 

! 3 

122-23 

3Ag:Sb = 100: 37-485 

i 7 

121-32 

BongartzGU i 883) 

2Sb : 3BaS04 = 100 : 290-306 

; 12 

120-62 

Popper (1886) 

.3Ag : Sb = 100: 37-434 

i 15 

121-15 

Rriend and Smitli 

CiPl^KSbO^ : KC1 = 100 : 23-0484 

8 

, 120-34 

(1901) 

i 


Willard and McAlpine^^ 

8bBr3 : 3AgBr = 35-69757 : 55-63121 

8 

1 121-768 

(1921) 

Muzabfar (1923) 

SSbClg : KBr03 (see p. 37) 

i 32 { 

1 121-138 to 
■ 122-400 

Knop 1^1923) . 

2Sb : Sbo04 = 2-7250 : 3-4395 

6 

122-06 

Kdnigsehmid, etc. 

SbClg : 3Ag = 70-488 : 100 

8 

1 121-76 

(1924) 

SbBi'g : 3Ag = 11 1-699 : 100 

1 8 

: 121-76 

Weatherill '^ ( 1924) . 

SbCla : 3Ag = 100 : 70-4864 

8 

, 121-748 

Ivrislinasvrami (1927) 

SbBrg : 3Ag (see p. 37) 

21 ] 

'■ 121-716 to 
121-758 


^ Berzelius, AJ hand linger i Fysik, Ke/mi, etc., V, 41)0; K. Vet. Ahtd. IJandl., 1812, 189; 
Gdbert's Amialen-, 1812, 42, 283; Schiocdggeds J., 1812, 6, 1;“)“); 1818, 22, 70; .1818, 23, 
200. Fogg. Annalen, 1826, 8, 1. 

“ Kessler, Fogg. Annalen, 1850, 95, 204; 1860, 113, 134, 

^ Sehneicior, Annalen, 1856, 97, 483; 1856, 98, 293. 

Weber. See Rose, Annalen, 1856, 98, 455. 

2 Dexter, A 'nnalen, 1857, 100, 563. 

« Dumas, Ann. Chnn. Phys., 1859, [3], 55, 175. 

" Unger, Archiv Pharrn., 1871, 197, 194. 

s, 3 Cooke, Proc. Anier. Acad. Arts Sci., 1877, 13, 1; 1880, 15, 251; Per., 1880, 13. 
951. 

Sehneicior, J. 2a'akt. Chern., 1880, [2"j, 22, 131. 

Pfejfcr, A/iJialen, 1881, 209, 174. (Eleetrocheinical method.) 

12 Bongartz, Per., 1883, 16, 1942. 

Popper, A/male/i, 1886, 233, 153. (Elcctrochenueal mcnhod.) 

G. C. I'ricnd and P. P. Smith, J. Arner. ChenK Sor., 1901, 23. 5()2. 

W'lllard and McAlpine, ibid., 1921, 43, 797. 

Muza liar, ibid., 1923, 45, 2009. 

Knoj), ZeitsrJi. aiial. Che/ii.., 1923, 63, 181. 

Honigschinjd, Zintl and Linhard, Zed.sch. anorg. Chon.. 1924, 136, 257. 
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(d) Analysis of Ayitimony Triiodide. — The analysis was carried out 
in the same way as those of the tribromide and trichloride. The ratio 
Sbig : 3AgI =71-060 : 100 gave Sb =119-786. 

in the years 1880 and 1881 Cooke carried out liis final determina- 
tions using antimony tribromide. The material was repeatedly distilled 
from metallic antimony, recrystallised several times from carbon 
disulphide, subjected to repeated fractional distillation, and finally 
twice sublimed in a current of carbon dioxide. It is probable that Cooke 
would have obtained better results had his process of purif cation been 
less prolonged. Working without modern refnements in the handling 
of highly hygroscopic materials, the introduction of a trace of moisture 
was inevitable ; thus the carbon dioxide, though described as absolutely 
dry, was only subjected to the action of calcium chloride and sulphuric 
acid. It is clear, therefore, that the rcsublimed product was much more 
likely to contain hydrogen bromide than antimony' oxybromide, the 
impurity which Cooke feared. Willard and McAlpine,i as a result of a 
critical study of Cooke’s papers, consider that his material may have 
contained as much as 1 per cent, of hydrogen bromide. 

Turning no^v to the values given in the table (p. 34), it will be 
observed that, with certain early exceptions, the values recorded fall 
into two groups, those approximating to 120 and 122 respectively. On 
the basis of the work of Kessler, Dexter and Dumas the value 122 was 
adopted, although Schneider’s results pointed to the lower value. After 
the laborious investigation carried out by Cooke, which gave results of 
such striking concordance, the number 120 was immediately adopted. 
The electrochemical studies of Pfeafer and Popper indicated the higher 
value once more, but so great was the prejudice in favour of Cooke’s 
work that no alteration was made ; moreover the electrochemical w'ork 
was adversely (‘riticised by Colicn, Collins and Strengers,^ on the 
ground that the method did not give constant residts. The work of 
Friend and Smilli, liowcvcu', indicated that Cooke’s results were some- 
what too low, so that alter 1902 the number 120-2 was adopted ; an 
un justifabic com])romisc wliicli was obviously unsatisfactory. The 
controversy continued ; certain workers on antimony appeared to fnd 
the valuer i20-2 satisfac-tory.'^ Others, however, obtained results point- 
ing to th(‘ higlKM* valii(‘,'^ and cx])rcsscd the opinion that the older 
\uilnc, 122, was the* moi’c^ corrc'ct. 

The; insc'curity ol‘ Mu; basis foi’ the <alomic Avcight led Willard and 
McAl})inc in 1921 to rci nvc'stigatc the whole cpicstion.^ They prepared 
pure antimonv tribi-oinidc with carcfid exclusion of moisture. In an 
all-glass ap})aratus, three; dilTercnt preparations of antimony were 
conil)in(al with bromine', the; j)roduct twic.c distilled at a pressure of 5 to 
10 jnni., then disMlle'd a, thirel time at less than 1 mm. into a scries 
of small bulbs which we-rc scaled olT from each other as individual 

‘ \\’illa.i-(l and McAlpiiw, ./. Amr). (Umii. Soc., 1921, 43 , 817. 

- ('olK'ti, (Collins and St ra'tiLi/'fs, '/jcilsch. 'physikftl. ( i/i.n/i.., )i)()4, 50 ^ 3()8. 

•* lien/, Zf'il.srh. anorp. (Au m., I‘)i)3, 37 , (>; V'ort.niaiin and Mot/.l, Zcil.srh. n/UiL Chf-.m., 
IDO."), 44 , 52(1; Koll) and Idnanlials, Zcilsrh. a, torn. Chou., 1008, 58 , ISl); Halhnann, 
\’ (‘nflvirJn [ Cihrsiic/icii mid Mdhoden dvr (jikhU. Aiifiinoiibc-^ltimiiuncj, Inaugural 

f toil , Adchc.ii, l!)ll. 

Zri/.srh. annrg. Chon., 1903, 37 , 337; Bcckotl, Bc/trag Bed. Anlimons, 
Inaugurul Di.^nrrlal lun , Znrlrh., 1909; d(^ Baclio, Monal-sh., 1910, 37 , JOO; Treadwell, 
Knrzc.^ l.Ah.r(j}irh (ukA. (Amn.., 5t.li ed., 2 , 503. 

W'illard a.nd Me.Alpinc, /. Amar. Cliem,, Soc., 1921, 43 , 797, 
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samples. From the time the pure dry materials were plaeed in the 
apparatus until the bulbs were broken under tartaric acid solution, only 
inert gases came into contact with the preparation. The resulting 
product was analysed for bromine in two ways : first, volumetrically, 
by finding the amount of silver, dissolved in nitric acid, equivalent to 
the sample, using a nephelometric end point ; second, gravimetrically, 
by adding excess of silver nitrate, then filtering out and weighing the 
silver bromide. The precautions taken and corrections applied included 
all those which had been described Avithin recent years on similar work. 
In eight of the best volumetrie analyses, a total of 35*69757 grams of 
antimony bromide formed 55*63121 grams of silver bromide, from which 
the atomic w’eight of antimony is 121*7 68. By taking into consideration 
the three slight!}^ less satisfactory Amlumetric analyses, and eight graA'i- 
metric analyses, Willard and McAlpine gave the mean value 121*773. 
The former value, hownver, is the more trustworthy and has therefore 
been included in the table. 

Knop ^ obtained an appreciably higher value. He treated pure 
antimony Avith nitric acid and converted the product into the tetroxide 
by ignition at 850° to 900° C., at wdiich temperature the pentoxide is 
fully reduced to the tetroxide, but the latter is not further reduced. 
The purity of the product w'as established by the iodine-thiosulphate 
method. The results gave a mean value Sb =122*06, or 121*96 when 
reduced to vacuum.'-' 

Honigsehmid, Zintl and Linhard hydrolysed chloroantimonic acid, 
HSbClg, 4*51120 (prepared from antimony pentasulphide) and reduced 
the resulting antimonic acid in liydrogcn at 500° C. The metal w^as 
converted into the chloride or bromide by heating in a current of the 
halogen, and the halides fractionally distilled, first in pure nitrogen and 
then in a vacuum. The silver equivalent of each halide w'as determined 
by gravimetric titration and w'eighing the silver halide formed. The 
mean of thirty- two very concordant results gave Sb =121*76. 

Weathcrill^ applied Willard and Ale Alpine’s incthod to the trichloride. 
Kahlbaum’s purest antimony Avas twice fused in hydrogen, combined 
Avith pure chlorine, and the ]Aroduct repeatedly distilled in an CA'acuated 
glass apparatus, considerable head and tail fractions being rejected in 
each distillation. The mean of 8 analyses gaA'c tlie ratio SbCly : 3Ag 
as 0*704864, from Avhieh the atomic; Aveight of antimony is 121*748. 
This is slightly loAver than the Anlues obtained l:)y Willard and AlcAlpinc, 
and by Honigsehmid, but agrees remarkably well Avith that oi‘ Krishna s- 
AAuxmi (see beloAv). 

The discovery of non-radioactive isotopes of certain elements has 
taught that elements from different localities may conccivablA' ])Osscss 
their constituent isotojACs in different proportions, so tliat their atomic 
Aveights may Anry. A rcvicAV of the earlier avojIc on the atomic AA'cight 
of antimony led Aluzaffar to inquire Avln^thcr or not sudi might be 
the ease Avith this element. Stibnite Avas of)taincd (Vom Ik-rn, BoIiAoa,, 
Borneo and Hungary. After juirifving all samples ])y tlu^ sanu‘ method, 

‘ Kiiojj, Ztif.^ch. (i/tal. 63 , IS]. 

Knop pivns the mean values of 122-04 and 121-04 resp(*ct ively. 4'lin above values 
are c-aleulated from tlie ratio yiveii in the labU^ wliieli gives the total weiphls ol anlimonv 
and Its oxi<lc handled in the six ex])eriments. 

“ tloiugsclimid, Zintl and Linhard, Zaitsch. anurg. Chun.., 102-1, 136 , 2.07. 

^ Weathcrill, J. Aiyier. Cheni. Soc., 1924, 46 , 2437. 

^ Muzaffar, J . Armr. Chem. Soc., 1923, 45 , 2009. 
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the antimony was converted into trichloride and the ratio between 
antimony trichloride and potassium bromate determined by titration : 

8 SbCl 3 -i-KBr 03 + 6 HCl = 3 SbCl 5 +KBr v3HoO 
The results were as follows : 


, Source of Stibnite. 

Ratio 3Sb : KBrOa. 

Xo. of 

Experiments. 

Atomic Weight 
of Antimony. 

Hungary 

2-17592 

7 

121-138 

Borneo . 

2-1886 

7 

121-565 

Peru . 

2-1862 

7 

121-710 

Bolivia . 

2-1986 

11 

122-400 


Excellent concordance was obtained in the first set of results using 
Hungarian material, and the low value for the atomic weight is remark- 
able. 

More recently ^ specimens of stibnite have been obtained from the 
same sources as those used by Muzaffar. The metal was extracted, and 
the densities compared with that of a specimen of Kahlbaum’s antimony. 
In addition, solutions were titrated with solutions of potassium bromate 
and the ratio KBrOg'SSb was determined. It was found that the 
densities of the specimens were all within OT ^Der cent, of each other ; 
and that the ratios KBr 03 / 3 Sb agreed to 0-05 per cent. The evidence 
of N'ariation in the atomic weight of antimony from different sources does 
not therefore appear to have been confirmed. 

Krishnaswami “ directed attention to certain disadvantages occur- 
ring in practice when Muzaffar’s method is adopted, and gave the 
results of determining the atomic weight of antimony from four ores of 
Indian and Burmese origin, using Willard and McAlpinc’s method in 
its entirety. His results were as follows : 


1 Source of Material. 

Ratio SbEi-y : 3AgBr. 

Xo. of 

Experiments. 

Atomic Weight 
of Antimou}'. 

1 Kahlbaum’s 
Sb .,03 . 

0-641664 

6 

121-758 

Mysore 

stibnite 

0-641647 

4 

121-748 

Mysore 

j cervantite . 

0-641647 

3 

121-748 

Amherst 1 

i stibnite 

0-641652 

, 5 

121-751 

Shan States 
; stibnite 

0-64159 

i ^ 

121-716 


A close agreement between the values from the Mysore stibnite and 
cervantite was of course to be expected since the latter is an alteration 
product of the former. The rcsidts do not indicate any appreciable 
difference between the samples. 

^ Me Alpine, J. Amer. Chern. Soc.^ 1929, 51 , 1745. 

- Krishnaswami, J. Chern. Soc., 1927, p. 2534. 
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The International Committee on Atomic Weights for 1930 has 
adopted the value 

Sb = 121.76 

The Conned of the Chemical Society had, in 1919, recommended this 
value and it lias been retained until the present time (1936). 

Isotopes. — Two isotopes of antimony have been discovered, with 
atomic masses 121 and 123. The ratio : Sb^-^ is provisionally given 
as 100 : 78*5, thus indicating a mean mass of 121-88 and an isotopic 
moment of 0-96. Though the packing fraction has not been determined, 
it is assumed to lie between those of tin and xenon, and on this assump- 
tion the calculated atomic weight is 121*79, which compares very 
favourably with the value obtained by chemical methods.^ Owing to 
the unsuitability of antimony tri hydride for the determination of the 
isotopic constitution, antimony method was employed in the more 
recent work. A nuclear moment “ of 5/2 has been assigned to Sb^-^, 
and one of 7/2 to Sb^-^. The atomic radius ^ calculated from the 
structure of antimony tribromide is 1*25 A., and from antimony tri- 
chloride, 1*21 A. An inner potential^ of 12 volts has been deduced 
from the refraction due to the redection of high-speed electrons from 
cleavage faces of antimony. 

From the fluorescence of antimony excited by several mercury lines, 
the value 2*21 A. has been obtained for the nuclear separation in di- 
atomic molecules, and the value 489 x 10~^^ gram-cm.'-^ for the moment 
of inertia.^ 


Alloys of Antimony. 

Antimony enters into the composition of a large number of com- 
mercial alloys, including antimonial lead (lead containing up to 4 per 
cent, of antimony) which is used for the framework of accumulator 
plates, lead sliot (in which antimony replaces the moi'e usual alloying 
element arsenic), lead anodes for chromium plating and other ])urposes, 
type metal (consisting of alloys of lead, antimony, tin and sometimes 
copper), Britannia metal and pewter (alloys of tin, antimony, lead and 
sometimes copper and bismuth), and antifriction metals, such as 
Babbitt metal (a wide range of allo^^s, a number of which contain tin, 
lead, antimony and copper).^ In general, antimony acts as a hardening- 
metal, and excess is liable to induce brittleness. It has been stated that 
alloys of antimony with iron and certain other metals arc resistant to 
acicl.'^ 

A number oi’ alloy systems with antimony as one of the components 
has been examined thermally and microscopically, by means of X-rays, 

^ Aston, Proc. Roy. Soc., 193.1, 132 A, 492; Phil. May., 1923, [6], 45, 943; Palurc, 
1922,110,732. 

~ Badami, Nature, 1932, 130, (597; Zeiisch. Phy.sik, 1932, 79, 20G. See also Tolansky, 
Proc. Roy. Soc., 1934, 146 A, 182; Crawford and Bateson, Canad. J. RecearcJi, J 934, 10, 
693. 

^ Bergmann and Engel, J. Physical Chtm., 1931, 13 B, 247. See also Goldselnnidt, 
Zeiisch. physi/cal. Chem.., 1928, 133, 397. 

Barbyshirc, Phil. May., 1933, 16, 761. 

^ Genard, Rhys. Revicio, 1933, [2], 44, 468. See also Sen, Zedsch. anory. Chtni., 1933, 
212, 410. 

° Roekaert, Acie.rs speciaux, 1929, 4, 470. 

" Erisclier, French Patent, 1931, 725448. 
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and by the corrclatioii of physical properties with composition. Hie 
bibliographies which accompany these brief accounts deal mainly with 
the physico-chemical constitution of the alloys; references to method 
of manufacture, treatment, working or uses of the alloys have not, in 
general, been included.^ 

Antimony- Sodium Alloys. “ — ^ Two compounds arc formed, 
Xa 3 Sb (M.pt. S2S^ C.) and XaSb (M.pt. 503° C.), which enter into the 
formation of three eutectics, at 0*5 per cent, antimony (M.pt. 95° C.), 
80 per cent, antimony (M.pt. 430° C.), and 90-6 per cent, antimony 
(M.pt. 404° C.). There is no range of solid solution. The e.m.fs. of 
these alloys have also been investigated.^ Substances of the composi- 
tion Xa 3 Sb 7 , Xa 3 Sb 7 .XH 3 and XagSb-^.OXHg have been obtained by 
extracting an alloy of sodium and antimony with liquid ammonia.^ 

Antimony -Potassium Alloys.^ — Two compounds are formed, 
K 3 Sb pi.pt. 812° C.) and KSb (M.pt. 605° C.), which enter into the 
formation of three eutectics melting at 63° C., 400° C. and 485° C. 
respectively. 

Antimony -Copper Alloys.® — Two definite compounds are formed ; 
CugSbg (M.pt. 680° C.) and Cu 2 Sb (decomposing at 580° C.); it is 
possible that a third compound, CugSb, may exist below 430° C. There 
are two eutectics, namely at 23 per cent, copper (M.pt. 535° C.) and 
72 per cent, copper (M.pt. 634° C.). Copper forms a solid solution in 
antimon}’ up to 1-2 per cent., and antimony dissolves in copper up to 
7 per cent. Transformations in the solid state occur at 430° C. (when 
the compound CugSbo undergoes decomposition), and in copper-rich 
alloys at 450° C. Other physical properties that have been examined 
are the heats of mixing,'^ which at 1,200° C. reach a maximum of -r903 
gram-calories at 57*4 atomic per cent, copper, and variations in e.m.f.® 
X-ray examinations of this system have been carried out.^ 

Antimony- Silver Alloys.^® — One compound, Ag^^Sb, is formed, 
decomposing at 560° C., and one eutectic containing 55 ])er cent, silver 
(M.pt. 482° C.). The solid solubility of antimony in silver is 6 per cent. ; 
silver appears to be insoluble in antimony in the solid state. The heat 
of mixing (at 1,050° C.) rises to a maximum of -f 1,192 gram-calories at 
71-6 atomic per cent, silver. 

^ Constitutional diagrams of many of the systems cited will be found in Intcrnaiioiuil 
Critlcjil Tablts, 1927, 2, 401-427. 

‘ Matlicwson, Zcitsch. anonj. Cheni.^ 1906, 50, 171; I‘cck, J. A-fnor. Cheni, Soc., 19 IS, 
40, 937). 

^ Ivremann and TlicidcTcr, Zaiisch. Mdallkwndt, 1921, 13, 19. 

^ Ziiitl and Harder, ZetLsch. 'phy.-^ikdl. Chem., 1932, B 16, 183, 206. 

Idirravajio, Gazzidta, 1916, 45, i, 486. 

Carpenter, Zeitsch. M (dallkwride,, 1913, 4, 300; lle^n^oek and Neville, Phil. Tranfi., 
1S97, A 189, 26; ileimaiin, ZeiLsch. Af ttaLlbunde, 1920, 12, 321; Idirravano and Viviani, 
Atti J{. Accad. JAncti, 1910, [6], 19, i, 197, 243, 343, 836; ii, 69; Hume-Kothery, Nabbott 
and Channel Evans, Plul. Tra/id., 1931, 233 A, 1; Archbult and Hrytherch, J. Jn.dt. Met., 
1931,45,266. 

' Kawakanii, Acittice JitporLs Tohoku Imp. Uiiiv., 1930, 19, 621. 

^ Pace, Gazz. chmu. itciL, 1930, 60, 811. 

“ Howells and Horns Jones, Phil. Mag., 1930, [7], 9, 993; AV'estgren, Hagg and 
Eriksson, ZAtseJi. phydikul. Cheni., 1929, B4, 463; Morris Jones and Evans, Phd. Mag., 
1927, [7], 4, 1302. 

Petrenko, Zeitdch. atiorg. Chc.m.., 1906, 50, 133; Kremann and Bayer, Mo/uif.sh., 
1926, 46, 649. Eor X-ray examination, sec Broderick and Elirot, ,/. Phys. Chem., 1931, 
35, 2627. 
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Antimony- Gold Alloys A — One compound, AuSbo,^ is formed, 
Avhieh exists in three modifications with transition points at 355-2° C. 
and 405° C. ; it jirobably decomposes at 460° C. There is a maximum 
on the iiquidus curve at 55 per cent, gold (492° C.) and two eutectics 
occur, namely at 46 per cent, gold (M.pt. 480° C.) and at 75 per cent, 
gold (M.pt. 370° C.). There appears to be no range of solid solution. 
Electrical conductivity curves agree with the results of thermal 
analysis.^ 

Antimony-Magnesium Alloys.^ — One compound, Mg 3 Sbo (M.pt. 
1,228° C.) is known, which forms tAvo eutectics, at 86 atomic per cent, 
antimony (M.pt. 579° C.) and 10 atomic per cent, antimony (M.pt. 
629° C.). The compound Mg 3 Sb 2 undergoes a transformation at 930° C. 
and enters into solid solution with magnesium. The temperature of the 
transformation falls slightly throughout the range of solid solubility. 

Antimony -Calcium Alloys.^ — Only the antimony-rich alloys 
appear to have been studied. There is a eutectic at 8 per cent, calcium 
(M.pt. 585° C.). 

Antimony -Zinc Alloys.® — Two compounds are formed, Zn 3 Sb 2 
(M.pt. 568° C.) and ZnSb (decomposing at 534° C.), forming two eutectics 
at 1-7 per cent, antimony (M.pt. 412° C.) and at 80 per cent, antimony 
(M.pt. 505° C.). At room temperature the compound Zn 3 Sb .2 de- 
composes into metallic zinc and the compound ZnSb. A discontinuity 
in the curve for the magnetic susceptibility ’ indicates the formation of 
the compound ZnSb, which has also been examined by X-rays. 

Antimony -Cadmium Alloys A — It is probable that tAvo com- 
pounds are formed,^ Cd 3 Sb 2 (decomposing at 410° C.) and CdSb (M.pt. 
455° C.), although the existence of the former has been queried.^® Three 
other compounds liaAm been indicated for Avhich the folloAving formulai 
have been proposed : Cd 5 Sb 3 , Cd 4 Sb 5 and CdgSbg. There arc two 
eutectics, at 40 per cent, cadmium (M.pt. 445° C.) and 93 per cent, 
cadmium (M.pt. 290° C.). The magnetic susceptibility has been 
studied,^- while the heat of mixture (at 800° C.) shoAvs a maximum of 
-829 gram-calorics at 46-7 atomic per cent, antimon^x 

^ Vog'cl, Zeil8ch. anorg. Chem., J()06, 50, 145; Grjgoriev, Ayin. Inst. Platine, 1929, 7, 32. 
For X-ray examination, see Xiall, Almin and Westgren, Zeitsch. pliysikal. Chern., 1931, 
B 14, 8] . 

- Bottema and Jaeger, Proc. Acad. Set. Amsterdam, 1932, 35, 916, 929; Pec. Trav. 
chirn., 1933, 52, 89. 

^ Grigoriev, Zciisch. anorg. Clicm., 1932, 209, 2S9. 

^ Grube and Bornhak, Zeitsch. EleJctrockeni., 1934, 40, 140; Leilgebel, Zeitsch. anorg. 
Chem., 1931, 202, 305; Grube, ibid., 1906, 49, 72. 

^ Donski, Zeitsch. anorg. Chem., 1908, 57, 185. 

® Zhcmchuzhnui, Zeitsch. anorg. Chem., 1913, 4, 228; Krcmann, Orliier and Markl, 
Monatsh., 1924, 44, 401; Saucrwald, Zeitsch. Aletallhnnde, 1922, 14, 457. For X-ray 
examination, see Halla, Xowotny and Tompa, Zeitsch. anorg. Chon., 1933, 214, 196. 

^ Meara, Physics, 1 932, 2, 33\ 

® Kurnakov and Konstantinov, Zeitsch. a.iiorg. Chem., 1908, 58, 1; J. Puss. Phys. 
Chon. Soc., 1908, 40, 227 ; Kremann and Gmachl-Pammer, Intern. Zeitsch. M etallog rayhie, 
1920, 12, 241; Fischer and Pdcidcrcr, Ges. Abhandl. Kemnt. Kohle, 1919, 4, 440; Fucken 
and GehlofI, Bar. dent, yhysikal. Ges., 1912, 14, 169. 

Ilalla, Nowotny and Tompa, Zeitsch. anorg. Chon., 1933, 214, 196; Halla and 
Adler, Zeitsch. anorg. Chem., 1929, 185, 184. 

Chikashige and Yamamoto, '“'Anniversary Volume,'''' Kyoto I my. Univ., 1930, 195; 
Abel, Bedlich and Adler, Zeitsch. anorg. Chon., 1928, 174, 257; Abel, Adler, Halla and 
Iledlich, Zeitsch. anorg. Chem., 1932, 205, 398. 

Volfson and Poshdestvenski, J. Theor. Phys., V.S.S.P., 1933, 3, 447. 

Yeara, loc. cit. 
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Antimony-Aluminium AlloysA — It is diffieult to obtain equi- 
librium wit]\ these alloys. The solid solubility of antimony in 
aluminium is less than OTO ])er cent, at 645° C. ; a cutcctie is rormed at 
IT per cent, antimony (657° C. ) and a maximum on the li(][uidus curve 
at 1,080° C. corres]X)nds to the compound AlSb. The liquidus curve 
shows another maximum at 82 per cent, antimony (984° C.) and a 
minimum at 85 per cent, antimony (942° C.) There appear to be two 
eutectics. The compound AlSb decomposes in moist air, aluminium 
hydroxide being formed. 

Antimony-Thallium Alloys.^— One compound is formed, Tl.jSl) 
(decomposing at 187° C.), which gives solid solutions with thallium but 
not with antimony. A eutectic is formed at 19 per cent, antimony 
(M.pt. 196° C.), while the thallium-rich alloys undergo a transformation 
(probably connected with the allotropy of thallium) at 226° C. Another 
compound, Tl^Sbg, has also been reported.^ 

Antimony -Silicon Alloys.^ — Antimony and silicon show only slight 
solid solubility ; the eutectic melts at 630° C. No compounds are formed. 

Antimony-Tin Alloys.^ — This system is complex, a number of 
solid solutions being formed. There are two compounds, SnSb (decom- 
posing at 427° C.) and SiigSbs (decomposing at 319° C.). A trans- 
formation occurs in the range 30 to 70 per cent, antimony, which is 
connected with a pohunorphic change in the /3-solid solution. An X-ray 
examination of these alloys has been made, and it is suggested that the 
compound SnSb has the structure of a simple cube of the KCl type — 
a very unusual structure for an inter metallic compound.^ The unit cell 
contains 4 molecules, with a=6T20A. The more usual structure of a 
body-centred cube, with a — 6T3 A. has, however, also been proposed for 
this com])ound," and further, as the result of a more recent investigation, 
the structure has been described as of the KCl type, but deformed.® 
This com])ound is also unusual in dissolving both antimony and tin. 
The existence oi' the com])Ound SnSb is also indicated on the curve of 
m agnet i c s u s c ej ) t i 1 )i 1 i t y . 

Antimony-Lead Alloys — These metals form a cutccdifcrous 

^ VAazclka, J////., ba-g.-huilatundim. AbL U'ufjdr. IJoch^^chulc Jimj.AdrAsiv. So'irron, 193 J, 
3, 193; Che.Tii. 7je.nlr., 1932, ], 2230; Bonarctli, ''AVIelaUi If'-ggif-rtA 19.31, 29; I)ix, Kellei' 
and Willey, A dicr. 7/as7. Mi/nriuj Kng.^ 1930, Tech. Pub. Ko. 356; Campbell and yatthcw.s, 
J. Aviar. CJK'jn. Hoc., 1902, 24, 253; Kreniann and Dcllachcr, Monat.^h., 1926, 46, 547; 
8auerwa](I, loc. cit.: Guertlei- and Bcrn:mann, Zc.liHch. Meidllhunde, 1933, 25, 81, 111. 

- Wieogorov and Iddrenko, Zfit.'ich. anorg. Chan.., 1926, 150, 258; Krcmann and 
Lobinger, Intern. Zeit.^ch. MetdUographle, 1920, 12, 246; Chan. Zenir., 1921, i, 123; 
Jiekior, (■haieiL: I\jU1d, 1917, 15, 119; Chan. Zaitr., 1918, i, 1()0(); Williams, Zellnch. 
dnorg. Chan.., 1907, 55, 1, 

^ .Morrall and tVestgrem, Hraalc Kan. TidAcr., 1934, 46, 153. 

Jettc; and C(d)('rl, J. Chan. Jduj.^icn, J 933, i, 753; Williams, loc. at. 

^ Iwasi, Aoki and Osawa, Haaice. Reporin Toh.ohi l)np. Unit:., 1931, [IJ, 20, 353; 
Kinzolai-no- Ke.nkyti, (d. for Study of Medals), P)30, 7, 147; Giicrilcr, Al vMiJlogrd'phie,'’'' 
1910; W'illiams, loc. ril.; keroiix, Corn.'pt. rend., 1913, 156, 1764; Konstantinov and 
Sminiov', J. Rns.'i. Rhys. Chan. Hoc., MUl, 43, 1201. 

Morris .lonc's and Bowen, Xaturc, 1930, 126, 840; J^hil. Ma.g., 1931, 12, 441; van 
Kloostcr and Dc'baelu'r, Meldl.'i (Did, Alloys, 1933, 4, 23; Twasi, Aoki and Osawa, loc. at. 

' von Se.hwarz and Siiinina, Zatsrh. M (h-dll 1::un.da, 1933, 25, 95. 

« J-lagg and llybinctto, Fhd. Mug., 1935, [7], 20, 913. 

'** iMoara, Rhy.sics, 1932, 2, 33. 

Dean, Hudson and kogler, I ndiLslr lal and Kngincci ing Chanistry, 1925, 17, 1246; 
Idselier, Ze.ilsch. te('.Jt. Physik, 1925, 6, 146; Gontermann, Zedtsch. a.n.org. Chan., 1907, 
55, 419; Dean, J. Anicr. Chan. Soc., 1923, 45, 1683; Muzalfar, Trans. Faraday Hoc., 
1923, 19, 56; Leroux, loc. cit.; Stephens, Phil. Mag., 1930, [7], 9, 547. 
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series of alloys with a eutectic at 87 per cent, lead (M.pt. 247° C.). A 
more recent examination of these alloys after very slow cooling suggests 
that the eutectic contains 11-4 to 11*5 per cent, antimony.^ It is 
suggested that a compound PbgSb is formed which is soluble in liquid 
antimony, and tJiat it forms a solid solution in monatomic molecules of 
lead at all temperatures between 25° C. and the melting point of pure 
lead.^ A maximum is found on the boiling point curve. ^ The hardness ^ 
and specific heats ^ have been determined, the specific heat between 0° 
and 100° C. being given by the expression 

6- =0*04965 -0*0001884p 

where p is the percentage of lead in the allo}^. These allo 3 'S have been 
examined by X-rays,® and from the results it is deduced that the solid 
solubility of antimony in lead cannot be more than 0*5 per cent. From 
electrical conductivity experiments ^ it is concluded, however, that at 
249° C. the solid solubility of lead in antimony is 5*8 atomic per cent., 
and that of antimony in lead is 1*5 atomic per cent. 

Antimony -Arsenic Alloys.® — These elements form a continuous 
series of solid solutions up to 40 per cent, arsenic. There is a minimum 
on the liquidus curve at 17*5 per cent, arsenic (612° C.). 

Antimony -Bismuth Alloys.^ — These metals form a continuous 
series of solid solutions, the liquidus curve lying wholly between the 
melting points of the two metals, and the solidus being practically 
horizontal between 0 and 60 per cent, antimony. Some evidence for the 
existence of Big molecules has been obtained, and the anomalous form 
of the solidus curve has been ascribed to this.^® The hardness has 
been determined. The boiling point curve shows a maximum. These 
alloys have been examined by X-rays, homogeneity being obtained by 
prolonged annealing at 280° C. The lattice edge of the rhombohedral 
crystals varies almost linearly with comi^osition.^® 

Antimony -Chromium Alloys. — Two compounds are formed, 
CrSb (M.pt. 1,110° C.) and CrSb 2 (decomposing at 675° C.), and two 
eutectics, at 2 per cent, chromium (M.pt. 620° C.) and 38 per cent, 
chromium (M.pt. 1,100° C.). Antimony is soluble in chromium to the 
extent of 12 per cent. 

Antimony -Selenium Alloys.^^ — One compound, ScgSbg (M.pt. 

^ Quadrat and Jiristc, Chim. et Ind., 1934, Nuvibtr {April), 485. 

‘ deffery, Trans. Faraday Soc., 1932, 28, 567; see, liowcvcr, Chu-Jdvay Yaj), Anicr. 
Jnst. Alin. Alet. Eng., Fnst. Metals Division, 1931. 

^ Lciigebel, Zeitsch. aniorg. Che.rn., 1931, 202, 305. 

^ Saposhnikov and Kanewsky, J. Russ. Rhys. Chem. Soc., 1907, 39, 901. 

^ Durrer, Rhysihal. Zeitsch., 191S, 19, 86. 

Solomon and Morris dones, Rkil. Mag., 1930, [7], 10, 470; Obinata, Aleia/lmrlschafl, 
1933, 12, 101. 

^ Le Blanc and Schopcl, Zeitsch. Eleldrochem., 1933, 39, 695. 

® Parravano and de Ccsaris, Rniern. Zeitsch. Alet all ographie, 1912, 2, 70. 

^ Cook, J. Inst. Aletals, 1922, 28, 421; Otani, Eci. Rep. Tohohu Rrnp. Univ., 1925, 13, 
293; Parravano and Viviani, Atti R. Accad. Lincei, 1910, [5], 19, i, 835; Ehret aiul 
Abramson, J. A?/ier. Cheni. Soc., 1934, 56, 385. 

Ciiu-Pbay Y'ap, loc. cit. 

Saposhnikov, J. Russ. Rhys. Chon. Soc., 1908, 40, 665. 

Lcitgebcl, loc. cit. 

Bowen and Morris Jones, Phil. Mag., 1932, [7], 13, 1029. 

Williams, loc. cit. 

Chikashige and Pujita, Alem. Coll. Sci. Kyoto Imp. Univ., 1917, 2, 233; Parravano, 
Gazzetta, 1913, 43, i, 210. 
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570° C.) is formed, and two eutectics, at 47 per cent, selenium (M.pt. 
498° C.) and at 99-7 per cent, selenium (M.pt. 210° C.). 

Antimony -Tellurium Alloys. ^ — These alloys are described as 
forming a series of “ mixed crystals.” 

Antimony -Manganese Alloys.-— Three compounds have been 
described : ^InSb (M.pt. 809° C.), Aln.jSb 2 (decomposing at 872° C.) and 
MuoSb (M.pt. 971° C. ). Two eutectics are also formed, at 9*5 per cent, 
manganese (M.pt. 570° C.) and at 55 per cent, manganese (922° C.). 
Ranges of solid solution exist between 82 to 41 and 45 to 50 per cent, 
manganese. Some of the alloys show paramagnetism. 

Antimony-Iron Alloys.^ — Two compounds have been described, 
Fe.^Sbo (M.pt. 1015° C.) and FeSb 2 . There are two eutectics, at 50*5 per 
cent, antimony (Al.pt. 1,002° C.) and at 92-5 per cent, antimony (Al.pt. 
628° C.). The eutectic range in the iron-rich alloys extends from 5 to 52 
per cent, antimony, and throughout this range there is a transformation 
at 798° C. corrcspojiding to the change from y-iron to a-iron. The 
solid solubility of antimony in iron is reported to be 6-5 per cent. ; X-ray 
examination, however,'^ suggests that the solid solubility of antimony in 
iron is higher. There is also a range of solid solution between 55 and 65 
per cent, antimony with a maximum on the liquidus curve at 63-5 per 
cent, antimony (1,018° C.) corresponding with the compound re 5 Sb 4 .^ 
It is possible that the so-called compound Fe 3 Sb .2 may not be a separate 
chemical entity. The crystal structure of FeSbo is rhombic, with 
a =3*189 A., =5-819 A. and 6* = 6*520 xA. The unit cell contains two 

molecules of FcSb 2 . It is claimed that some of these alloys are resistant 
to acids, particularly to liydrochloric acid.^ 

Antimony -Cobalt Alloys.^ — Two compounds arc formed, CoSb 
(AI.pt. 1,190° C.) and CoSbo (decom])osing at 900° C.), with eutectics at 
89 per cent, antimony (Al.pt. 1,090° C.) and at 99 per cent, antimony 
(AI.pt. 620° C.). Antimony is soluble in cobalt to the extent of 13 per 
cent., and the alloys, within this range, arc magnetic, losing their 
magnetism at temperatures varying from 1,132° C. for pure cobalt to 
927° C. for the 18 ])er cent, antimony alloy. 

Antimony -Nickel Alloys.^— Two compounds are formed, XiSb 
(Al.pt. 1,160° (!.) and Ni 5 Sb 2 (Al.pt. 1,170° C.), with eutectics at 3*2 per 
cent, nickel (Al.j:3t. 612° C.), at 47 per cent, nickel (Al.pt. 1,072° C.) and 
at 65 per cent, nickel (Al.pt. 1,100° C.). There are three solid solutions : 
a, between 88 and 40 })er cent, nickel, /3, between 92 and 100 per cent, 
nickel above 880° C., and y, Ixdwccn 67 and 100 per cent, ihckel below 
880° C. Alagnctic alloys arc found in the range 92 to 100 per cent, 
nickel below 880° C., the magnetic transformation taking |)lace at that 
tempcratui'c. The compound Ni^Sbo is formed from another compound 
Xi^Sb at 677° Ch Witiiiii the range 55 to 67 per cent, nickel, both 
com])Oun(ls apjxxu’ to be stable at ordinary temperatures. 

^ Droit’uss, ZcaL^scJi. I'Jlakfrcjrhe/ii., 1922, 28, 100, 224. 

“ Miiral'Caini and flaLla, Scicuca Rcjxrrt.s TcjJioku .inrp. L u.iv., 1933, []], 22, SS; Williams, 

rit.; WAdokind, Bar., ]9(,)7, 40, 12r)9. 

Kurmdcov and Kon.slanLinov, Zailsch. anorg. Chtm., 1908, 58, 1; Portevin, lltvue de 
M cLalhirgie, 1911, 8, 312. 

kS/ova Acta Rcgiai Soc. Sci. U'psalitiisis, 1929, [4], 7, Xo. 1. 

^ yogel and Dannold, Arch. Eisenhuttenw., 1934-5, 8, 39. 

*’ Prise her, Frc'iich Patent, 1931, 725448. 

‘ Lossev, J . RiL'iS. Rhys. Clicrn. Sac., 1911, 43, 375; Lewkonja, Zeiiscli. anorg. Chem., 
1908, 59, 293. 

^ Lossevc ZtiLscli. anorg. Chem., 190G, 40, 58; V'lgouroux, Compt. rend., 1908, 147, 976, 
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Antimony -Palladium Alloys A — Several compounds of these 
metals have been described, including PdSbo (decomposing at 680° C.), 
PdSb (M.pt. 799° C.), Pd 5 Sb; 5 , PdoSb (decomposing at 830° C.) and 
Pch.Sb (M.pt. 1,182° C.). The existence of the compound Pd 5 Sb 3 has 
not, however, been confirmed. Eutectics are formed at 9*7 ]:)er eent. 
palladium (M.pt. 586° C.), at 55 per cent, palladium (M.pt. 734° C.) and 
at 77 per cent, palladium (M.pt. 1,070° C.). Solid solutions arc formed 
of antimony in palladium (up to 15 per cent, antimony), and of antimony 
in the compound PdgSb (between 68-5 and 72-5 per cent, palladium). 

Antimony -Platinum Alloys.^ — A number of intermetallic com- 
pounds of these two metals has been reported, but the existence of 
one only, PtSbo (M.pt. 1,225° C.), has been definitely confirmed. It is 
possible that two others exist, namely, Pt^Sb and PtSb, with transition 
points at 670° C. and 660° C., respectively ; the com230und PtgSbo pre- 
viously reported has not been confirmed. Two eutectics are formed, 
one containing a trace of platinum (M.^Dt. 630° C.), and the other 
containing 77 2 :>er cent, platinum (M.jM. 670° C.). 

A number of ternary alloy systems containing antimony have been 
at least partially examined. Among them may be mentioned antimony- 
coppcr-silver,^ antimony-copper-cadmium,'^ antimony-copper- tin, ^ anti- 
mony-copper-lead,® antimony-copioer-bismuth,'^ antimony-co 2 :) 2 oer-iron,*^ 
antimony-silver-cadmium, ^ antimony-silver-zinc, ^°antimony-zinc-lcad,’^ 
antimony-zinc-bismuth, antimony-magnesium-aluminium,^^ and anti- 
mony-tin-lead. The last-mentioned system includes the industrial 
alloys known as type-metals. 

^ Sander, Zcitsch. anorg. Cheni.., 1912, 75 , 97; Grigoriev, Ann. In, si. Platlnc, 1920, 7 , 
32; Zeitsch. anorg. Chem., 1932, 209 , 308. 

- Nemilov and Voronov, Ann. In.si. Platino., 193;'), 12 , 17; Fricdi-icli and Lc'i'oux, 
Metallurgie, 1909, 6 , 1. 

^ Guertler and Koscnthall, ZeiLsch. M etallhunde, 1932, 24 , 7, 30. 

^ Sleichcr, Intern. Zell.sch. MeJaJlographie, 1913, 3 , 102. 

^ Tasaki, Mt'-ni. Coll. Sci. Kyoto Imp. Cniv., 1929, 12 A, 227. 

Schack, Zeitsch. anorg. Chem., 1923, 132 , 2G5. 

' Parravano and Viviani, Alii II. Accad. Lincei, 1910, [d], 19 , i, 83d. 

” Vogel and Dannohl, Arch. I'Ji.senhulfcniv., 1934-d, 8 , 83. 

Guertler and Iloacnthall, loc. cit. 

Guertler and Kosenthall, loc. cit. 

Taminann and Dahl, Zeitsch. a.norg. Chon., 1925, 144 , 1. 

Kremann, Langsbauer and Kauch, ZeAtsch. anorg. Chon., 1923, 127 , 229. 

Loofs-Rassow, IIoMszeit V.A.IV. KrJtwerJc A.G. Aluminium, 1931, 3 , 20; Guertlei- 
and Borgmann, Zeit,^ch. Meiallhunde, 1933, 25 , 81, 111. 

Iwasi and Aoki, Kinzoku-no-Kenkyit, 1931, 8 , 2d3; Aoki and Whiki, Karhaln 
I imitsa-kyohu Koiyujo Cho.sa Hokokii, 1930, No. 21 , I, 37, 47. 

Sec also Welienhoff, ''Report of Technical Director, C.S. Covt. Printing 0(fice," : 
"Appendix to Aton. Report of Riiblic Printer^' 1930, lOd; Mcrtel and Deinnun-, Mdall- 
icirtschojt, 1931, 10 , No. 7, 12d; dVeaver, J. Inst. MeUd.s, 193d, 56 , 209. 



CHAPTER II. 


COMPOUNDS OF ANTIMONY. 

General. — The compounds of antimony conform, in c^eneral, to the 
types expected from the position of the metal in the Periodic Classifica- 
tion. Antimony exhibits two valencies only, being tervalent in some 
compounds and quinquevalent in others. Several substances, such as 
the suboxide, in which antimony shows an apparent valency of less than 
three, have been described ; but either these have been shown not to be 
true compounds, or their constitutions have not been fully elucidated. 
In accordance with its position in the Periodic Table, antimony shows 
electropositive properties more definitely than arsenic, forming true salts 
such as the halides and the sulphate ; the salts, however, undergo 
liydrolysis, producing ultimately oxides or hydrated oxides. As might 
be expected, hydrolysis does not take place so readily, or proceed so 
completely, as with tlic eom])ounds of arsenic, and scvei’al stable inter- 
mediate products arc formed. 

Antimony, like arsenic, forms a hydride ; stibinc, however, can only 
be formed by the evolution method in acid solutions. It is more easily 
decomposed by heat than arsine. 

Antimony halides are characteristic. There arc two lluoridcs, the 
tri fluoride and the })cnta fluoride, botli of' \v]\ich arc soluble in water and 
liydrolyscd only slowly. Antimony tj'illuoridc is not hydrolysed below 
30° C. Tlie corresponding chloriclcs hydrolyse more rapidly, the tri- 
chloride yielding oxychlorides, and ultimately (by hydrolysis at 150° C.) 
trioxidc, and th(‘ ])(mta.C'hloride yielding hydrated antimony ])entoxide 
(the so-calI('d antimonic acid). Anl.imony ])entaehloride dissociates on 
lieating. A third chloride, antimony tetra.(‘hloride, appe^ars to exist in 
conij)k‘x conij)oun(ls only; it has not he(m isolated. Antimony tri- 
bromide is t lie only bromide' tliat has as yet been isolated. The penta- 
bromide is unknown, but compounds hav'c beem obtained that may 
be rcgardc'd as deatved IVom it. It is also possible that coruj^ounds 
of a, hy])othetical antimony tetrabromidc may exist. Antimony tri- 
bromidc; is \-ery reaulily hydrolysc'd. The only iodide known is the 
ti’iiodidc, a wu'll-de'fined sr.It whi(;h readily hydrolyses. Complex 
compounds of (|uin(|uevalent aiitimonv which contain fluorine and 
iodiiK' huAU', h()we\ ('r, bcc'U pre'pa.rcal. 

halid(‘S of anlimony rc'udily form double compounds, par- 
hciilarly wilh llu* haJidc's of alkali and alkaline' earlh metals. In many 
e'ase's liiere- is ele-finile' e'\ielc'nce of llu* feu'inalie)!! of ce)mj)lcx anions e)f 
which anlinmny f‘e)rms a ce)nsl il uc'id. Thus c'ompounels are elerived 
IVe)!!! anlime)uy jX'ntachloriele which may be la'garck'd as salts of ortho-, 
])yro- anel nieta-c.hk)re)antimonie; acids, Il 3 SbCyig, HoSbCl- and HShClg. 
Of these acids mcta-chloroantimonic acid has alone been isolated. From 
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antimoiw tribromidc, salts of the type have been prej^ared, 

in which M represents a monovalent metal. From antimony penta- 
bromide salts of the bromantimonic acids have been obtained, and meta- 
bromantimonic acid, HSbBr6.3H2C), has been isolated. Alany other 
complex compounds of antimony halides have been prepared, the con- 
stitutions of which have not been fully elucidated. Most of them arc 
decomposed by water, frequently with hydrolysis. 

The chlorides and bromides of antimony are soluble in many organic 
solvents, and in mau}'^ cases complexes are formed.^ 

Three oxides are known. Of these, antimony trioxide is amphoteric, 
forming both antimony salts and antimonites ; its basic properties, 
however, predominate. Antimony tetroxide is neutral or only faintly 
acidic, and may best be considered as a salt, antimony antimonate, 
SbSb04. Antimony pentoxide is acidic, forming antimonates. It is 
doubtful, however, if a true antimonic acid has been isolated, antimony 
resembling tin in this respect. 

The heats of formation of the oxides are: 

Antimony trioxide 163,000 calories 

Antimony tetroxide 209,800 ,, 

Antimony pentoxide 229,600 ,, 

Of the compounds in which antimony is a constituent of the anion, 
antimonites are known, principally in the form of meta-antimonites, 
such as sodium meta-antimonite, XaSb02. Ortho- and pyro-anti- 
monites may exist, but the latter in particular are doubtful. The free 
acids have not been isolated. 

Mcta-hypoantimonic acid, HgSboOg, and its salts, derived from 
Sb204, arc known. They may be regarded as mixed antimonites and 
antimonates. 

Ortho- and meta-antimonates are known, the majority of the salts 
being cither acid ortho-antimonates of the type KIl2Sb04, or meta- 
anti monates of the type KSb03. It has also been suggested that the 
formula Jbr antimonic acid is ITSb(OIT)(j. 

It may also be noted that antimony pentoxide docs not liberate 
chlorine Horn hydrochloric acid ; it will, however, liberate iodine from 
hydriodic acid. 

Three sulphides of antimony arc known, corresj)onding to the three 
oxides ; but the ])cntasul]3hide is very dillicult to ])rcparc in the pure 
state, most of the preparations formerly regarded as antimony penta- 
sulphide being mixtures, probably of antimoiiy tetrasulphidc and 
sul]:)hur. The ])rcsencc of tcrvalent antimony can iisually be shown 
in such preparations. Com|)lcx sulphur compounds, notably with the 
halides, arc also known. They correspond roughly with the oxyhalides. 

Of the other inorganic compounds of antimony, the suljdiatc and the 
nitrate have been reported, but both arc more readily obtained as basic 
salts. The existence ol'thc latter is somewhat doubt fnl. It is interest- 
ing to note, however, that antimony sdenate is insoluble' in watca- and is 
noi deconij)oscd by it. 

Physiological Action of Antimony and its Compounds. In t he 

seventeenth and eighteenth e.enturies many medicinal prej)arations con- 
taining antimony were in vogue, but the utility of jnost oi‘ these is 
extremely doubtful. In the days of antiquity, antirnonial wine was 
^ See this Series, Vol. XI, Bart III. 
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frequently employed as an emetic. The use of antimonial preparations 
in medicine declined steadily, however, until comparatively recent years, 
when their applicability to the treatment of certain tropical and allied 
diseases was discovered. 

In many ways the physiological action of antimony resembles that 
of arsenic, but the former element differs principally in that it is absorbed 
less easily and has a more irritating effect upon the alimentary canal. 

The principal compound employed is tartar emetic, potassium 
antimonyl tartrate, K(Sb0)C4H406, but oxides and sulphides have also 
been used. Alany organic compounds have been prepared ; they have 
a more powerful effecT than tartar emetic, but they are more toxic and 
are difficult to administer. 

The action of antimony is principally that of an emetic ; it appears 
to act by producing local irritation of the stomach, but its mode of 
action is not confined to this, since vomiting is also produced by 
intravenous or subcutaneous injections. It is, however, dangerous to 
use, as the consequent severe depression may lead to collapse. Anti- 
mony compounds also produce expectoration and perspiration. 

When introduced into the stomach, antimony is slowly liberated 
from the compound in the form of tervalent ion, and this, in the presence 
of acids, produces the observed effects. When used in ointments 
antimony produces an irritation of the skin ; this also is probably due 
to liberation of tervalent antimony ion. 

Stibine is very poisonous, but although its effects appear to resemble 
those of arsine, its action is largely unknown. 

Antimony trichloride has a caustic action, and combines with 
albumen in the same way as compounds of the heavy metals. 

In recent years antimony has been found to exert a remarkable 
poisoning effect on trypanosomes and certain other protozoa. This 
has led to its recommendation, in the form of injections, in the treat- 
ment of certain tropical and allied diseases.^ 

Atitimonial ])oisoning has been diagnosed in many eases, instances 
Jiaving been found in connection with the enamel and ])rinting trades.- 
Legislation lias been introduced in some countries reguLating tlic use of 
antimony in enamels, in which it acts as an opaciher. Criminal cases arc 
also known, the effects of doses of antimony given at intervals frequently 
being mistaken for symptoms of disease. Antimony is, as a rule, found 
only ill tractcs in the stomach after antimonial poisoning, the greater part 
being expelled by vomiti-ngv ■ . • • - . . 

It is thought that anlimdny in. the (|uin(pic\n‘:dci)t; condition is com- 
])a.rativ(ly non-jioisonous.'^ 

Ax ri MO NY Axn llYnnoonx. 

Th(‘ only compound of antimony witti hydrogen that is known with 
cxalainty is tlu‘ gasc'ous antimony t.rihydridc!, or stibine, Sbll.j. A solid 

' (hisluiy, “vl Hook of Hhorniar.olofjij (tiid d'hrra'pc.iilic,^'' (London, .11)28, Dtli Ld.), 

]).()?(): Dixon, ‘Ld M a // noI (f Hli(rnnorolo(}i/''' (Ijondon), 11)21), 7t.li ILL, ]). 1)82 ; Ldiltndiuth, 
Klin. IVor/i.srhr., 11)21, lo, 1122, 1201; Iddcndniili a,nd S(“ilT('rl, /jciilr. HokL Iktrasi lerik., 
11)21, 122, f) 1 ; Myors and Throtuy ./. Loh. 07/,//. 11)20, l6, 2.21); Sohniidl, YjOilxiih. 

(iiKjcK'. 07//'///., 11)20, 43, 1)1)2; van lloidc, Fdrhioi 11)22, 37, 1711); 38, 22, D^'son, 

Hfian/i. 11)28, [•}!, 67, oDlL 

- Oliver, Hnl. Med. 11)2.2, I, JODI; Mini.sh’;/ <f Iladik {Londuit), 11)22, Memo. 
171 (M(ul.). 

Blytli and myth, “ ./V;/’.s'o//,.s‘, d'hr.lr Hffc.ri.s and Dolr.r.lion'^ (.London, 1906, 4 th Fd.), 
p. 1)06; Le.schkc, Mv^ick. rnrd. Wochschr,, 1922, 79 , 27, J4(); Mclzcr, Olashulte, 1929,59, 865. 
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substance, described as di-antimony dihydride, SbgHg, is stated to 
have been obtained by various electrolytic methods and by the reduction 
of antimony compounds by nascent hydrogen.^ It is a brownish-black 
substance, soluble in fairly concentrated nitric acid, but not in other 
mineral acids ; it is insoluble in solutions of caustic alkalis. It is decom- 
posed when heated in a current of hydrogen, and reacts vigorously with 
fused potassium nitrate.^ On the other hand, this substance may be 
merely metallic antimony in a hne state of division, containing a trace 
of adsorbed hydrogen.^ Some investigators doubt the existence of a 
solid antimony hydride.^ 

Antimony Trihydride, or Stihine, SbH3. — This was hrst obtained 
in 1837 .^ It maybe prepared by the action of nascent hydrogen upon 
a solution of an antimony salt, the gas obtained being mixed with a large 
excess of hydrogen.^ The reaction is most conveniently carried out by 
the addition to a solution of an antimony salt of metallic zinc or alumin- 
ium and a mineral acid. When iron is used no antimony trihydride 
appears to be formed ; ^ with tin the yield is very small. If the reaction 
is carried out in alkaline solution, no hydride is formed.® In this manner 
antimou}" trihydride differs from the corresponding h^Hride of arsenic. 

Antimony trihydride may also be preiDared by the action of dilute 
mineral acids upon alloys of antimony, convenient alloys being those of 
antimony with zinc,^ magnesium, sodium amalgam,^^ potassium and 
calcium. If, however, the alloA-s of antimony and calcium are chemi- 
cally pure, no hydride is obtained.^® Alloys with strontium and baidum 
act less readily. Alloys of antimony and lead may be used with con- 
centrated hydrochloric acid or hydrobromic acid.^^ Alloys of antimony 
with lithium,^® alumiiuuin, thallium and iron are unsuitable. The most 
satisfactor}' results are obtained with alloys of zinc or magnesium. The 

^ Weekes and Druce, Reo. Trav. chirn.y 1925, 44, 970; J. Chc.yn. Soc.y 1925, 127, 1069; 
Drucc, Omri. Ll^ty, 1025, 19, J50; Humpert, J. pralct. Chon., 1865, 94, 398; IVicdcrhoId, 
Pogg. Annaloi, 1864, 122, 481; Marchand, J. pralcl. Chem.. 1845, 34, 381; Riddand, 
Schweigger s J., 1815, 15, 418. 

- Weekes and Dra(;c, J. Chou. Sor.., 1925, 127, 1069. 

^ Grant, J. Chon.. S(>c., 1928, 131, 1987; Sand, Grant and Lloyd, ibid., 1927, 130, 393. 

Keckleben and Sclicdber, Ztitsch. anorg. Chon.., 1911, 70, 275; Stock and Guttmann, 
Bar., 1904, 37, 885; Boily;cr, J. prnkt. Chon.., 1856, 68, 374; Jhxjg. Annalcn, 1856, 97, 
333; 1858,104,292. 

^ Thompson, Phd. iM<ig., 1837, 10, 353; J. prali. Chon., 1837, ii, 369; LfafT, Pogg. 
Anrialoi, 1837, 42, 339. 

Seubei't and Schniidt, A/rnalnn., 1892, 267, 237; ^'liielo, ibid.., 1891, 265, 62; 
ITuckigor, Arch. Pharni.., 1889, [3], 27, 27; llotlj^er, J ahrcnbo.r., 1880, 1279; Skey, Chon. 
Noes, 1876, 34, 147; Jlous.sin, Zaitnch. anal. Chon., 1867, 6, 100; J. Pharni. Chim., 1866, 
[4], 3, 413; Bbttger, J. praht. Chon., 1856, 68, 374; Fleitmann, Annafoi, 1851, 77, 126; 
Jacqnolain, Compt. void., 1843, 16, 30; Vog(‘l, J. prahi. Chon., 1838, 13, 57; Simon, 
Pogg. Annaloi, 1837, 42, 563; Thompson, loc. of..-, Pfafl, lac. ail. 

' Dupasqiiicr, Compt. rend., 1842, 14, 514; Thkde, lac. of. 

^ Lloitmann, loc. ciL; Gatehouse, Chon. New.-i, 1872, 27, 189; Mageu-, Zo'l.a'h. anal. 
Chon.., 1872, ii, 82. 

Stock and Doht, Bcr., 1901 , 34, 2339; 1 902, 35, 2270 ; Bartels, Inaiugiirdl iJi.s.srrfafian, 
Jicrlin, 1899; BcMlluIot and Petit, Ann. Chim. Jdiys., 1889, [6], 18, 65; ( )lsz(‘\vski, 

Manai.Ai., 1886,7, 373: La.ssaign(‘, J. Chim. ni&lic.alc, Paris, 1840, [2], 6, 638; 1841, [2j, 
7, 440; Capit.aiiie, J . Pharni. Chun., 1839, [21, 25, 516; Vogc-l, lac. of.; ''riiorn j)s()ii, lac. cil. 

Stoek aiul t)ohi, lac. cil.; 1 1 11 ni[)(u-t , ,/. praht. Chon., 1865, 94 , ,398. 

'' van Bylorl, Pa-r., 1890, 23, 2968; i’olei-k and Thununel, Ini., 1883, 16, 2144. 

Sehio-l, Annaloi, 1857, 104, 223. 

hloissan, Conrpl. rend., 1898, 127, 581. 

von der Planitz, Jhcr., 1874,7, 1664. 

Harding, ibnl., 1881, 14, 2092. 

Lebcau, Compt. rend., 1902, 134, 284. 
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state oj’ division of the allo}^ and the temperature at which the reaction 
takes place, greatly influence the yield, the best results being obtained 
by allowing small portions of finely- divided alloy to fall gradually into 
cold dilute, oxygen-free hydrochloric acid. 

Attempts have been made to prepare antimony trihydride by 
electrolytic processes. Newbury found appreciable quantities of this 
gas in the hydrogen liberated from an antimony cathode in acid solution.^ 
Later investigations have been carried out using both acid and alkaline 
solutions. No stibine is produced at low concentrations, while with 
increasing concentrations the gas is decomposed almost as soon as it is 
formed, particularly in alkaline solutions. The yield decreases w^ith rise 
of temperature.^ The electrolytic formation of stibine has been studied 
quantitatively, and equations have been adduced correlating the per- 
centage yield of stibine at an antimom^ electrode in solutions of caustic 
alkali with temperature, with hydrogen-ion concentration, and wdth the 
voltage between a hydrogen electrode immersed in the experimental 
solution and a saturated calomel electrode ; ^ similar equations for 
solutions of sodium carbonate or sodium sulphate have also been 
obtained. In acid solutions, however, stibine is formed only with 
diflieulty, the required current density being sufficiently high to cause 
elevation of the temperature of the electrolyte to an inhibitive degree.^ 
Alkaline solutions appear to be more favourable to stibine formation, 
but it is necessary to remove rapidly any stibine produced by blowing a 
current of iDulrogcn past the electrode ; failing this the stibine is at once 
decomposed with precipitation of metallic antimony. It has also been 
suggested that, although the electrolytic method of preparation is not 
practical, the best conditions arc obtained by using a concentrated 
axpieous solution of sodium acetate containing acetic acid, Avith an 
antimony cathode.'^' The best yield is obtained with a current density 
of 14 am})S. ])cr sq. dm., increase in current increasing the yield and 
increase in voltage diminishing it. 

The gas is most conveniently dried by passing over calcium chloride 
or ])hosphorus ])cntoxidc, then collecting over mercury ; other desiccat- 
ing agents (aiuse deeom])osition.® It may be separated from liAxlrogcn 
by li(]ucfaction. 

Antimony trihydridc is a colourless gas Avith a Amry characteristic 
smell, desci’ii)ed ns faintly resembling that of hydrogen sulphide ; ' its 
taste is extremely unpleasant,® and it is very poisonous. Its vapour 
densil,y at 15° C. and 751 mm. is 4-36 (air=l),''^ in agreement Avith the 
i'ormuia Sl)TI.5, It shows appreciable dcAuation from the gas laAvs."*-^ 
When cooled in liquid ethylene it solidifies to a snow-Avhite mass, crystals 
i)cing formed in licpiid air.^'' The solid melts at -88° C., ibrming a 
colourless li(piid Avlucli boils at -17° C. The density of tlie liquid is 

^ Nowberry, J. ChviH. Hoc.., JO LG, 109, 1361; Pancth, Zdtscli. BleUrochtin., 1020, 26, 
4 53. 

- Sand, Wandec's and WonvJI, J. (’haul. Soc,, 1923, 123, 450. 

\y('('k('s, live.. 75y//'. chiin., 1021, 43, ()40: 102.5, 44, 201, 705. 

■' Sand, (irard, and i-jloyd, J . (lliori. Hoc., 1027, 130, 389. 

^ Klasko and Maslowslci, lioc-zniL'l Chtui., 1030, lO, 240. 

St.oc.k and (Uitt.niann, Her., 1004, 37, 885; Urunn, Her., 1880, 22, 3205. 

" S(,()c;k and Dold., Her., ]!)Ol, 34, 2330, 

^ donas, ./. (Jlivon. Hoe., 1876, 29, (Ml. 

Sloc-k and (uillniaiin, loc. cit. 

Siock, Fcluaindia and liar., 1008, 41, 1300. 

i'- Ol.szcwski, Monalsh., 1886, 7, 373; Stock and Dolit, Bar., 1002, 35, 2270. 
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2-26 at -25*^ C. and 2*34- at -50° C.^ The gas is slightly soluble in 
water (to the extent of 0*2 volume in 1 volume of water) ; the solution 
in water free from air is fairly stable. It is more soluble in alcohol (15 
volumes in 1) and is very soluble in carbon disulphide (250 volumes in 1). 
It is also fairlv soluble in other organic solvents, but such solutions arc 
in general less stable than aqueous solutions.- 

In its physiological effects the gas strongly resembles arsenic tri- 
hvdride ; exposure to an atmosphere containing 1 per cent, is fatal to 
niice in a few seconds.^ Although opinions as to the physiological effect 
of stibine are conflicting, especially among the earlier workers, it is prob- 
able that its action upon human blood is similar to that of arsine, in that 
the ox 3 diaimoglobin is reduced.'^ 

Antimony trihydride is an endothermic com]:)Ound ; the heat of 
formation, determined by decomposing the gas into its elements by 
means of the electric spark, is -33,080 gram-calories at constant 
]iressure, and -34,270 gram-calorics at constant volume.^ From an 
investigation of the electrolytic formation of stibine, the free energy of 
the reaction 2Sb -f3H2=2SbH3 has been calculated to be 62,100 gram- 
calories for two moles of the gas in an acid solution, and 62,000 gram- 
calorics for two moles in an alkaline solution.^ 

Stibine is readily decomposed into its elements ; if the gas is pure 
and dry, however, it remains fairly stable when kept in a thoroughly 
clean glass vessel. Air and aeratecl water produce some decomposition, 
but water free from air appears to be without action.'^ Decomposition 
does not appear to be caused by light.® The velocity of the de- 
composition depends considerably upon the nature of the surface in 
contact with the gas, an etched surface, or one coated with an anti- 
mony mirror, acting catalytically. The j^resence of hydrogen does not 
affect the rate of decomposition ; oxygen ])oisons the antimony mirror 
which, however, recovers its activity after some hours. It is })robablc 
that the effect of oxygen is to oxidise the hydride, not the mirror itself. 
The rate of decomposition is also affected by the nature of the surface 
of the antimon}^ mirror.^ 

By the action of heat alone stibine is decomposed more readily than 
arsine, rapid decomposition occurring at temperatures above 150° U. 
If the reaction is carried out in a clean glass tube heated locally, an 
antimony mirror is deposited on both sides of the heated })art ; tins 
reaction is employed in the well-known Marsh’s test.^^^ 

Liquid stibine is partially dccom]mscd even at low temperatures, 
decomposition beginning between - 65° U. and -56° (’. Decornposilion 
takes place more rapidly in tlie liquid than in the gaseous state, 

^ Stock and Gutimann, lor,. clL - Stock and Guttmann, lor. rit. 

^ Stock and Guttmann, lor. rit. 

^ Joly and do Xabais, Com-pt. rrnd., 1800, iio, 667; Stock, Guttmann and Ik'rycll, 
Jirr.y 1004, 37, 803; 4’onos, J. Chrm. Sor., 1876, 29, 641. 

^ Stock and Wrede, Brr., 1008, 41, 540. 

^ Sand, AVeckes and AVk^rrell, J. Chcui. Soc., 1923, 123, 456. See also Berthdot and 
Petit, Convpt. rcf/d., 1880, 108, 546. 

' Stock and Ooht, Bar., 1901, 34, 234.3. 

® Lassaiync, lor. rit.; Stoc.k and Oolit, loc. rit.; Stock and Gulttnann, lor. rit. 

^ Stock, Pcheandia and AOnyt, 7)7'/-., 1008, 41, 130!); Stock, Gdunolka and tlcyncmann, 
/Gd , 1!)()7, 40, 532; Stock and B»)fI(*nst(M‘n, //jid., ]!)()7, 40, 570; Stock and Guttmann 
iljid., 1004, 37, 001, J!)57. 

Brunn, 7)V./'., 1889, 22, 3202; Stock and Dolit, B<r., lOOI, 34, 2273, 234.3; van 
Bij'lci-t, /kr., 1800, 23, 2068; Bottgor, J . Chem.., 1838, 13, 57. 
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])iit no evidence lias l^een obtained of the formedion of a lower hydride 
as one oi the jiroduets of deeom])ositionM 

Stibiiic is oxidised by air or oxygen even at low temperatures 
according to tlic equation 

•iSbFL.-i-aOo-tSb-f 6lIoO 

Under ordinary conditions black antimony is deposited, but at C. 

the yellow modification is obtained. Liquid air does not cause oxida- 
tion. When burned in air, antimoin^ trioxidc is obtained instead of tlic 
metal. 

Stibinc is readily decomposed at the ordinary temperature by tlic 
lialog-ens, ronning antimony halides and halogen acids. 

Sulphur reacts slowly with a mixture of stibine and hydrogen heated 
to C., antimony trisulphidc and hydrogen sulphide being formed ; 

the aedion is accelerated by light. Pure stibinc reacts readily with 
linely divided sul])hur.^ Hydrogen sulphide appears to be without 
action at the ordinary temperature.’’ When stibine is passed into 
eoneentrated sulphuric acid a black precipitate is obtained which is 
])robahly metallic antimony.^' 

Neither nitrogen nor ammonia reacts with stibinc.'^ The gas is 
oxidised by oxides of nitrogen ^ and by nitric aeid.^ Phos]ihorus 
trichloride has no action, while the ])cntaehloridc reacts only slowly. 
The iodides of ]ihosphorus and the halides of antimony react with 
ch'eorn position of the gas.^’ 

Stibine is oxidised when an electric spark is passed through a mixture 
ol‘ tlu‘ gas with carbon dioxide, according to the ccpiation : 

2ShH, -r.3COo = 2Sb -1-8I-UO +3CO 

Dca'om position is also induced by the action or]iotassium hydroxide 
and other alkali and alkaline earth hydroxides. 

The action of stibinc on a number of aqueous salt solutions has been 
si lulical.’’-’ Stibinc resembles arsine in its action on an arpicous solution 
of j)olassiuin juannanganate.’^ The precipitated manganese sesquioxide, 
iMiuO;p is morc^ (loceulcnt wlien stibine is used, and the solution contains 

‘ Slock iu\<\ Oultonann, loc. cit.; Olszewski, loc. cit. 

- Stock and (diillinann, /or,, cit.; lU'unn, loc. cit.; Ilussoii, Cor/rpl. rend., 18G8, 67, 55; 
Vou(“l, ,J . prffL-t. dhchi., 1858, 13, 57: ]^uclincr, J-tcportfrrivin J^finrnxicK, dHurnbcrg. 1838, 
63, 1838. 

JoiH's, ioc. cit. Stock and Guttmaim, loc. ctl. 

'' Stock and (Uiliinann, loc. cit.; sec, however, (hainn, /oc. cit.; -loiuv, (oc. ciL 

lliinifX'rt, lor. cil.; ihirlels, Innvgiiral Dosscriat /on , Ijoli/i, 1880; Brunn, loc. at. 
l'5)i' tli(‘ action of other .^iilplmr compounds, .^ee Jones, /or. cit.: SchicJ, A)u>alf/K 1857, 
104, 23.3. 

' Simon, lor. rit.; Bartels, /or. at.; Stock a.nd OuUrnann, /or. cit. 

^ Stoc'k and (Uittmann, loc. at. '' Ansell, J. Chem. S'er., 18.>2, 5, 210. 

.Malm, Jaidischr, Z/ itsch.., 1859, 5 , 152. 

Stock and Gutirnann, /or. rit. Stock and Giiiimatm, loc. at. 

Ikii’tcds, IndUfj. Dir.scilfition, Berlin., 1899; DraiiondorfT, Zeit-xih. a ml. Chem., 1856, 
5, 2U(); Mcl.^sinn- and llankel, J. 'praht. Chan.., 1812, 25, 243. 

'' Lionet, (i(//npl. Tend , 18/9, 89. 440. 

Bartels, loc. at.; Dowzard, J. Chan. Soc., 1901, 79, 71 5; Malm, loc. at.; Jacpuelain, 
Com [it. rrnd., LSI. 3, 16, 13. 

>'■ JoiK's, .} . (dnni.Zoc., 1878, 33, 98. For the action witii other oxidising agents, 
se(' Lcmoiih, ('>>,» pt. rriid., 1 '.)()!, 139, 478. Bari(4s, loc. at.; Id uckixean Lr//. Jdinrni., 
IS89, 131, 27, 2t); Zalnrh amth Chan., LStU, 30, 117, V'arcrme and llcrOr, Bull. Soc. 
chim], 1877, {2|, 28, 52.3: Zfdtnrh. d/inl. Chan., 1878, 17, 349; Sidiohi.C, J. prnhl. (.than., 
1S7()J.2!, 14, 291; Bull. Boc. rhini., 1877, 12 |, 28, 52.3; .^laycncoll and Bciueret, CampL. 
rend-., 1871, 79: i i 'd- 
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potassium antimoiiafce and a trace of manganese. The reaction may be 
represented by the equation : 

2 KMnO, -rSbH 3 ^Mn^Og + K.,HSb0.i +HoO 

Tlie reaction between stibinc and an aqueous solution oC silver 
nitrate has received considerable attention. The black precipitate that 
is foi'med was formcidy ^ thought to be silver antimonidc, Ag 3 Sb. The 
reaction was tlierefore thought to be different from that with arsine, but 
subsequent investigation has shown that the proportion of antimony in 
tlic precipitate does not corresj^ond to that required by silver antimonide. 
It is now considered that the action of stibinc closely resemldcs tliat of 
arsine, and may perhaps be represented by the equations : 

SbH3 + SAg'XO^ = Ag^Sb -f 3HXO3 
AggSb ^ 3AgX03 A alloO = 6Ag + Sb(OII)3'4- 3HXO3 

The second reaction occurs with excess of silver nitrate. ^ The hydrated 
antimony oxide is almost completely insoluble in the resultant liquid 
and is thus precipitated with the sih’er. In this way the action differs 
from that of arsine. The precipitate is also stated to contain a little 
metallic antimony. The antimony oxide can be dissolved out of the 
precipitate by treatment with hot concentrated hydrochloric acid or 
with tartaric acid. By the action of stibine on a concentrated aqueous 
solution of silver nitrate a greenish-yellow coloration is obtained, but 
tlie substance producing this colour has not been isolated. It is 
suggested ^ that this compound may be Ag 3 Sb. 3 AgX 03 , corresponding 
to the similar compounds of phosphorus and arsenic produced by the 
action of phosphine and arsine respectively on solutions of silver nitrate, 
and the suggestion is su})portcd by the results of approximate analysis 
of the coloured mixture. On this assumption the action of stibine may 
be represented by the equations : 

Sbll 3 A 6 AgX 03 = Ag3Sb.3AgX03 a 3HX()3 
Ag3Sb.3AgX03 A3 Ho6 = 6 Ag ASb(OH )3 A 3 IIXO 3 

thus further emphasising the resemblance between phosphine, arsine and 
stibinc. It has also been suggested that the greenish-yellow coloration 
nia}" be due to the formation of the compound Ag(SbJT 3 )X 03 , aiialo- 
gous to Ag(XH 3 )Cl, but there appears to be no confirmation of this.''^ 
The reaction with silver nitrate has been suggested for the detection 
of traces of stibine. 

When stibine acts upon sodium auri chloride, a violet stain is pro- 
duced ; similar stains arc obtained with phosphine and arsine, but not 
with hydrogen. This reaction is suggested as a sensitive test for these 
hydrides. Organic matter must be destroyed prior to the test ; hydrogen 
sulphide also interferes.^ 

^ Lassaigiic, J. Chim. med., 1840, 17 , 443. 

- tlecklcbcn and Giittich. Zcii&ch. anal. Chon., 1910, 49 , 73; Pccklebon, Bcr., 1909, 
42 , 1-15S; Giiilich, Iiiaug. Disstrtalion, Lf'.ipziy, 1901); Vrlali, IJOrosi, 1892, 397. 

IkVleck and Tlinnimcl, 7>Vr., 1SS3, i 6 , 2435. 

Bai'U'ls, Jnaiiij. Bcrlia, 1889. 

^ AVeckes, Chou . Xeios, ] 923, 126 , 275. TorfurLliei-litcralinx', snn I'd-e.sonius, ".-1 //Irifti/ig 
zur qiialitatlrv.ii clitniiscfioi. A.iialyse''’ {Braunschweig), bth Pd., 1895, p. 218; Scliohig, 
Jnc. ot.; ilouzeaii, Cornpl. tokL, 1872, 75’ 1823; Ziulsch. andl. Chot/., 1873, 12 , 312; 
J luniperf, J. prald. Chon., 1805, 94 , 398; KoOnann, Annaloi, 1800, 115 , 287; 8 ininn, 
ibid., 1837, 42 , 563; Pfali, ibid., 1837, 42 , 563. 

Zimniermann, Apothelcer-Zeitung, 1921, 36 , 26. 
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The best absorbents for stibine arc solutions of silver salts, iodine 
and iodie aeid.^ 

A nnniber ol* organic substitutioji compounds of stil)ine liave been 
ju’epared and descaibed.^ Tliey are for the most ])art more stable than 
stibine itseli'. 


Anti^^ioxy axd the Halogens. 

Antimony and Fluorine. 

Two comjDOunds of antimony and tluorine are known ; antimojiy 
tri fluoride, SbF.^, and antimony pentalluoride, Two other 

eoinpounds have been reported,^ but it is probable that these arc 
double compounds having the formulas SbF 5 . 2 SbF 3 and SbFg.SSbFg. 

Antimony Trilluoride, SbFg, was first prepared by Berzelius in 
1824 by evaporating a solution of antimony trioxide in hydrofluoric 
acid ; Dumas prepared the same compound in 1826 by distilling a 
mixture of mercuric lluoride and powdered antimony.'^ It has also 
been prepared by heating antimony trichloride with hydrofliioric acid 
in tlie presence of an organic solvent.^ Metallic antimony docs not 
dissolve in eoneentrated hydrofluoric acid.’^ 

Antimony trifluoride is most conveniently prepared by the method 
of Berzelius. Pure antimony trioxide is dissolved in excess of hydro- 
fluoric acid, and the solution is evaporated until a film forms on the 
surface. On cooling, long, needle-shaped crystals separate out. These 
may be dried between filter-paper and stored in vessels of gutta-percha 
or platinum.*^ 

Antimony trifluoride forms colourless, transparent, rhombic cix^stals 
of density (at 2()-9° C.) 4*379. Its melting point is 292° C. or slightly 
lower ; it sublimes wdien heated in a platinum vessel. ^ ^ The solubility 
in w'ater is as follow's : 

U C 0 20 25 30 

SbFn (grams per 100 grams w^atcr) 384*7 451*0 494*0 5G5-G 

Tlie solubility is increased by the presence of hydrofluoric acid and of 
alkali salts. 

The heat of formation of antimony trifluoridc is ] 14,300 gram- 
calories.^'^ It docs not fume in air, but when heated it volatilises with 
]Xirticd decoinposition, leaving a residue of antimony trioxide. It is 
very hygi'oseopie. If an aqueous solution is cva])oratcd without tlie 
addition of hydrolluorie acid, some antimonyl fluoride is obtained ; no 
hydrolysis is ap[)a.i'cnt, however, below 30° 

^ Ivecklcben aii(.l Giiilicli, /oc. cit. - This Series, Vol. XI, Part IJI. 

Itutr, ihato and CU'af, Btr., 1904, 37 , 673. 

■'* Berzelius, Anmdtn., 1824, i, 34. 

•' Durnas, A)in. Chivi. Fhys., 1826, [2], 31 , 433. 

'' Kinetic Chemicals, liie., French Fattni, 1931, 720.789; (Jervi/ni Bdlenl, ] 93-^1, ()02()97. 

' Pluckiger, Jhj(j(j. Annaltii., 1852, 87 , 249; Annulcn, 1852, 84 , 248; Arm.. Clnvi. 
J'hys., 1853, [3], 39 , 495. 

^ Ciintz, A'lin. Ohitn. Fhy.'i., 1884, [ 6 ], 3 , 47. 8 ee also Po.senheitn and Gninhainn, 
ZtlBch. anorg. Chan., 1909, 61 , 187. 

Putt, Blato and Graf, Bar., 1901, 37 , 673. 

Carnellev, J. Che/u. Soc., 1878, 33 , 275. 

Swartz, KG//. Acad. roy. Btlg., 1892, [3], 24 , 310. 

Kosenheirn and Griinbaiim, ZcUsch. anorg. Chan., 1909, 61 , 187. 

Guntz, loc. cii.-, Corngd. rand., 1884, 98 , 303, 512. 

T 1 T ^ . . 1 • . . . ... -1 1 7 ^ ^ ^ 
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( iilorine reacts wilh anl inionv Irifuioridc foriuiiio’ tlic coiiipoimd ' 
2Sl)JA.SI)Cl3. 

Jd({i!id ammonia I’cacts wiLh antimony trifliioridc to form tlie 
dl~(i'innwni(d(\ ShF.^/iXH^. This is a yellow powder wliieh loses 
ammonia in the ])rcscncc of moist air.- 

Antimony trilluoride shows a tendency to form double and complex 
salts. From the thermochemieal examination of solutions in liydro- 
lluoi’ic acid, Guutz concluded that an acid Huoride is formed, but was 
unable to isolate it.^ Beck ^ concluded that the most stable complex 
formation is of the ty})c MSbF^ or SbFo.MF, in which the antimony is 
tervalent. 

Xlumcroiis doulole compounds arc formed w'ith alkali (luorides, either 
bv crystallisation Iroin solutions of the mixed salts, or by addition of 
aikah carbonate to a solution of antimony trioxidc in hydrolluorie acid. 
Saits in which the ratio SbF.^ : MF has the following \'alucs have been 
ol)taincd : 4 : 3, ' F - • F 7 : 4, 1 : 1, 1 : *2 and 1 : 3. Tliey are colour- 

less, crystalline compounds and contain no combined water ; they arc 
fairly stable in air, and dissolve readily in water without producing 
t.ui'bidity ; the solutions arc acid, and attack glass. The salts can be 
rc'gaincci irom these solutions by evaporation.^ 

Double com])Ouiuls with alkali cliloridcs and sulphates have also 
luam obtaiiU'd, liaving tlic general formuhe IMCd.SbF.j, MoS 04 .SbF.>, 
3 .MoS() 4. hS})F;> and i\FS() 4 . 2 ShF.,, wlicrc M r(‘])rcsents a uni\'alcnt 
111(4 ah Thc‘y may bc' pr(‘parcd by th(‘ first nuhliod mentioned abo\’e, 
b\' th(‘ aedion ol* basic antimony suljihatc on the corrcsjionding fluoride, 
or })y th(‘ acdioii of alkali sulphate' u])on antimony tri fluoi’ide in tlie 
pr(‘S(‘nc(‘ of liydrochloric acid.*’ In gx'iicral tlu'v crystallises fairlv well, 
withoul (‘ombined wate*!*: t h(‘y arc fairly stahk' and not hygroscopic, 
ddu'ir solutions in wati'i* arc strongly acid and attack glass. 

Ol li(‘r double' compounds ha.\ c' also hcc'ii obtained. In sonic cases 
(iK'i'e' is c\-ielcm'o for tlu' ('xistc'iice' ol' a complc'X ion in solution, hut 
ii<)( in olhers. Solutions contaiiiing potassium nitrate, j)otassiuni 
snljihatn or oxalic acid gi\(' no c\ ide'iice' of a (‘omplew ion: while' 
solutions ('ontaining normal sodium oxalate' or tartrate', aimnonium 
o\aIai(' or pedassinm antinioiiyl tartrate indicate' de'cidc'dly tlu' forma- 
tion of such ions. The following crystalline' compoimds ha.vc' hce'ii 
obtained:^ 3 K .\O...S[ )hh, !•( .\ H , ).^( 'o( ) j. 2 SbF.,, 2 \a Ah.()i. 3 Sl)F .5 and 
K,Sb()((h(),),.Sl)ly,'.'sn A). 

Salts containing antimony trifliioridc liaxe' bcmi list'd a.s mordants; 
but only those salts w liieli yii'ld comph'X ions m dilute' solution art' 
^,l li ! a oh' fo!’ such piii’pe )sc.''^ 

' I : 1 1 1 1 , Si 1 1 1h ■ I a n I ! I J ! .1 i , -Z' a - o'/ O' //o/ ^ . t '/e /// , 1 IDS, <^ 8 , Xii. ). 

■ inui, r-ir , laon, 30 , }:;in. 

• eninl/,, ('I'ltip!. I'l/n/., iSSt, 98, .‘ 100 . Sre al.-o I !c( It-a/., .lic/i. dhn/iii., 1 SDS, 236 . iN),'). 

‘ r.crk. Z> i! ch. iinnnj. ("h'lii , I'.I^S. 174 , .“, 1 . 

I’hu'K 1 ''T, I'lC. li!.: \(tii llaail asfl !Iaii.s(T, lU t , ISIH), 23 , ia'i 11^5: (Itinifiii I'alcnl, 
less, .)n.';sl, t'l I ilis’h, }l> ! , is'.)!, 2 /\, lO-t. 170, (Uimmi dah /il, 1S!)0, algilS; ltj)li!'aini 
aa-i n. \ tiiaiiii. />'/., ! 00 '.», .gx 1 l.'.O 

<i<’ IL.CII, isss. 21, la-i ‘.lOl. Ctiiii'in l’ni< nls, ISST, 1SS7, 4r)J34; 

l{,i !a< ia i, /4/., is.nr, 23 , 104. 3.4 1 . (iiiiiutii IS'.H), .4701.4; .M.tvt'r, />//., 1S‘)4, 

j.'/ , 104. Ul!3; (iimtiU! I’n'.' n f, is'.ir, 7i)10S, \():i lO'iad, ll< > 1S'40, 29 , 104. .431; (tcriiton 

nZ I s!M, S.4030. 

1 0 1 . ‘Tilnani aii'l ( 0 unlf.niin, Inr. nf. Si (' al-o i'’r(ilu4i, /Ov., 

(i-iji'tii rahni, ISggSOOOS. 

1 0 ).-.-nlu'ini ami (Irunbauin, (nr. nl. 


ISDO, 29 , 10‘f. 4 17; 
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Antimony Pentafluoride, SbFg, was first reported by iierzeliiis in 
1824, who obtained it by the actioji of hydrofiuoric acid on antiinonie 
acid ; ^ for sonic time the existence of this compound was denied,*^ 
until in 1867 Mai'ignac confirmed the results of Berzelius, including the 
preparation of a number of double compounds.^ In 1891 Moissan 
prepared the compound by direct union of the elements d 

Antimony pentafluoride is most eonvenienth' prepared either by the 
method of Berzelius or by the action of anhydrous hydrogen fluoride 
upon antimony pentachloride.^ The latter method is carried out by 
heating a mixture of hydrogen fluoride and antimony jientaehloride at 
25" to 30° C. until no more hydrochloric acid is evolved ; after a con- 
siderable time the boiling point of the mixture rises to 150° to 155° C., 
at which temperature antimony pentaQuoride distils over. 

The pentafluoride is a colouidess, thick, oily liquid which boils at 
149° to 150° C. Its density at 22*7° C. is 2-993. It is soluble in water 
and is hygrosco])ic. It has a drastic action upon the skin.® 

The dihydrate, SbF5.2H20, has also been prepared. 

Chlorine appears to have no action upon antimony pentafluoride ; 
bromine reacts to form a viscid, dark brown mass of indefinite com- 
position, which may contain the compound SbF 5 Br. Iodine forms two 
compounds. With excess of antimony pentaQuoride at 160° to 220° C. 
a dark, bluish-green substance, (SbF 5 ) 2 l, is formed, melting at 110° to 
115° C. It does not lose iodine when heated to 240° C., but it is readily 
deeom])osed by water. When antimony pentafluoride is heated with 
excess of iodine at a temperature above the boiling ])oint of iodine, a 
dark l^rown eonq^ound, Sblkl, is formed, melting at 80° C. This com- 
pound is deeomjooscd when heated above 260° C. with evolution of iodine, 
iDut it is not so readily decomposed by water as the (‘ormcr com])ound. 

Sulphur dissolves in antimony j^entafluoridc to form a dark blue 
solution from which the compound SbF^S -can be separated. This 
melts at 230° C., is very hygroscojdc, and is decomposed by water and 
moist air. The decomposition by water is probably re])rcsentcd by 
t]i(^ (equations : 

2 SbF 5 S + II.O 2SbF, -i- S SOF. -r 2lIF 

SOF2-I-II0O-SO2+2IIF 

Antimony ])cntaQuoride is decomposed when a current of hydrogen 
sulphide is ])asscd over it, the ])roducts being sulphur, hydrogen fluoride 
and antimony thio-fluoridc. An aqueous solution reacts with liydrogen 
sul]diidc only when it is warmed. 

The pentaQuoride reacts with nitrogen sulphide, sulphur dichloridc 
and chromyl cldoridc ; also with molybdenum pentacliloridc and 
tungsten hexachloride forming respectively a molybdenum (luoride and 
tungsten hexalluoridc, together with double compounds with antimony 
pentafluoride. . 

When dry ammonia is passed ox'cr the pentaQuoride the latter 

^ Berzelius, loc. at. 

- tJuekiger, Ari'iinlai, 84 , 2t8. 

^ Marieuiac, .Bull. Boo. chim., isGT, [-j? 8 , 32.*!; AiLil. Chi'ni. Phys., 1867, [-IJ, 10 , 371; 
Autiuhn., 1868, 145 , 239. 

Moissari, Aim. Chiin. J^hys., 1891, [ 6 J, 24 , 247. 

^ RulT, Plato and Graf, Bar., 1904, 37 , 673; Kuif, Graf, Feller and Knocli, Ber., 1906, 
39,4310. 

^ For a discussion of the space cliemistry of this compound, see Hiiir, Fberi and 
Monzcl, Zeitscli. anorg. Chani., 1932, 207 , 46. 
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becomes coated with a 3'Cllowisli-red crust of indefinite composition ; 
the action is vigorous until the protective coat is formed, which then 
] 3 rcvents furtlier action. When heated with liquid ammonia at 100"’ C. 
in a ] 3 ialinum tube a white j^owder is formed which is probably the 
complex substance NH(SbF 3 .NIl 2 .HF)o. It is readily decomposed by 
moist air : its solution is acid towards litmus and it is slowly acted upon 
by water witli the formation of antimonic acid. 

Antimony pentafluoride reacts with phos2:)horus forming a yellow' 
vapour, with j)hos2:)horus trichloride forming phosj^horus tri fluoride, 
and with jDhosphorus 2)entoxide forming j^hos^^horus oxyfluoride.^ 

With arsenic trifluoride a series of crystalline compounds is formed ; 
and with antimony trifluoride, a series of compounds ranging from 
SbF5.2SbF3 to SbF5.5SbF3. These may be prepared by distilling a 
mixture of antimony j^cntafluoridc and antimony trifluoride. The 
compound SbF5.2SbF3 is a colourless, transparent, crystalline sub- 
stance ; its density at 21 ° C. is 4 T 88 ; it boils at 390 ° C. and it is hygro- 
scopic. The conqoound SbF5.5SbF3 boils at about 384 ° C.^ 

Antimony pentafluoride reacts with the tetrachlorides of tin, 
titanium and silicon with evolution of hydrogen chloride in each case. 
When wai'ined with colloidal silicic acid, antimonic acid and silicon 
tetrafluoridc arc formed. 

Alany carbonaceous matcilals are attacked by the pentafluoride, 
including filter-paper, cork, wood, india-rubber, benzene, ether, alcohol, 
acetone, glacial acetic acid, ethyl acetate, carbon disuliDhide, light 
petroleum and chloroform. With chloroform an easily liquefiable gas 
(probably CXI3F) is formed. 

Antimony ])entafluoridc when dry docs not react with the majority 
of jn(‘tals. When heated with sodium a violent reaction occurs and a 
wliitc vapour is formed. It is reduced to the trifluoridc w'hcn heated 
with powxlctrcd antimony. 

fllic ])cnl a, fluoride can be converted quantitatively into sodium 
liydrogcn ])yroant.imonate by the addition of sodium hydroxide or 
sodium carbonate.^ 

A doubI(' compound of’ antimony pentafluoride and antimony ]:)enta- 
ciiloridc, 2SbF.-.wSi)(lrp is obtained by the action of chlorine on antimony 
( rilluoride.’^ Scwcu’al other double (*onq)ounds of these tw'o pentahalides 

indicalc'd by the results of an investigation of the freezing point 
cur\'c‘s of mixturcss of th(‘ tw'o.^ Four of these com2:)Ounds have been 
isohilcd : 2SbF5.Sl)(‘l,^(y’ 3 -() 8 ), Shl'VSbOg, 2SbF5.;5SbCl5 {l)f 2-70), 
and SbF.-. 3 SbC'l;XM*i'^ 2 - 73 ) ; tw'o other conq)ounds, 3SbF3.SbCl5 and 
SbFr,.2Sb(’b^, are also believed to exist. They are all dceomjmscd 
on fusion. Molecadar wuaght determinations have been made in 
soluiioiis in sul{)huryl chloride: the compounds 2SbF5.3SbCl5 and 
SbF3.3S})C’l3 gi\ t‘ x'alues wliieli arc only about one-third of the theoretical 
mohaadar wasglil, wliik' the com])ound 2SbF5.wSbCl5 does not apjoear to 
dissocial in 10 jxa' cent, or juore concentrated solution. The mole- 
cular \'oIumes of sonu^ of these com])ounds indicate that there is a 
consid(‘rabl(^ deercaise in volume wlien the eonq^ounds arc formed from 

^ mUY, Oraf, tlcllor and Kno(th, loc. cit. 

- IvulY, Ulato and Uraf, lor. cit. 

•' Ivuit, (d-af, llbllcr and Knoch, Joe. cit. 

OufT, Staid)(‘r and Graf, Zrit.sch. anorg. CJuon., 1908, 58 , .‘12a. 
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their constituents. Chemically the compounds closely resemble eorre- 
s]:»onding mixtures of the two binary compounds. Bromine reacts 
witli all of tlicm. When the compound 2SbF5.SbC'l5 is mixed with 
nitrosyl lluoride at -80" C., and the mixture allowed to warm up, the 
c()in[)ound SbF3.NOF is obtained as slender, colourless, ncedle-sliapcd 
crystals. Tl^is cninpound may also be obtained by the action of nitrosyl 
Lluoride on antimony pcntafluoride, and by the action of antimony 
pentalluoiide on the corresponding arsenic compound, AsF^.NOF. The 
compound SbF^.XOF sublimes below red heat without decomposition ; 
it is very hygroscopic and is decomposed by water and by alcohol. It 
reacts with potassium fluoride with the formation of a double compound 
of potassium fluoride and antimony pcntafluoride and separation of 
nitrosyl fluoride.^ 

Antimony penta lluoride forms a number of double compounds with 
alkali chlorides and fluorides of the general type SbFg.MF and SbF5.2MF. 
These may be prepared by the addition of alkali hydroxide to an acid 
solution of antimony pcntafluoride, or by the solution of alkali antimon- 
atc in hydrofluoric acid. They are all deliquescent and soluble in water, 
but are stable when dry. Their solutions in water evolve hydrogen 
fluoride, and on evaporation yield oxylluorides. The solutions will 
I’cact with hydrogen sulpliide only after prolonged treatment. 

Uertain compounds of antimony pentafluoride with organic bases 
have also been obtained.'^ 


Antimony and Chlorine. 

Two chlorides of antimony, namely the trichloride and pentachloride, 
are known \vith certainty ; the tetrachloride has also been reported. 

Antimony Trichloride, SbC^, has been known for a long time, 
having been juupared by Basil Valentine by distilling a mixture of 
a,nt.imonv trisulphide and mercuric chloride ; it w'as at one time thought 
that. the'su})stancc was a compound of mercury, but Glauber disproved 
{ his i n 1 () 18. That the trichloride is decomposed by water wns known to 
Basil Valcavtine, wdule the oxychloride produced w'as called by Paracelsus 
nicrcurins vitae, in the belief that it w'as related to mercury. At the end 
of Ihc' sixteenth century the trichloride (probably admixed wdth oxy- 
chloride) wms introduced into medicinal preparations by Victor Algaro- 
f us of' \h'rona, under the name of imlvis angelicus.^ 

Ant imony trichloride is most conveniently prepared by the action of 
(‘Oiuandrated hvdroehloric acid upon antimony trisulphide; w’hen all 
llu' hydrogen sulphide has been evolved, the residue is distilled ; after 
r(‘i(‘cting f.lu' first distillate, wdrich contains most of the volatile im- 
piirif.ic^srtlui final distillate is collected as a wdiite, pasty mass of antimony 
f ri(*lil()ri(lc‘.'^ 


J UiifT, Siaiih(‘r and Graf, c/7. 

•• Ikav.cdius, Yr. rv7.; Marjnuac,/oc. rwL; Kedenz, Arc/t. 1S9S, 236 , 26 /. _ 

I>asiliij.s V'ah'iit.irius, "The Trlurn.pliajit Chariot of Ardimofiyi' English Translation, 
i.ondon, Kidl ; Glaidicr, Optra chyriiica (ITankfiirfc am Main), 1658, English Translation 
(lajndon), KkSI); see also Dyson, rharmaceutical Journal and Fliarinacid, 1928, [4J, 67 , 


397 

i l.an- and Cai'sca, J . .Sue. Chem. hid., 1902, 2i, 1018; Warren, 1892, 

6S, 2;t2; ’ro..k<-v. (Jhe.m. Hoc., 1802, 15, -102; Larooque, J. Pharm Chim. 1849, [81. 15. 
lOl; (leiL'.T and Keimann, Magazin dtr Fhannacic, 182;, 17, 12G,_ Gobel, Aruhv Apathy 
hrrrrnns I2| 216; Brandos, Reperlonuni Pharmacie, 1821, li, 289; Koitink, 

CrtirH (Jhion.iHr.htH Journal, 1781, [6], 76; de Koninck and Lecremer, Zeiisch. anal. Chem,, 
ISSS, 27, 4()2; -l-ang, Bcr., 188.>, 18, 2714-. 
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Numerous cliemieal rcaetions resulting in the formation of antimony 
trichloride have been described. It may be obtained from metallic 
antimony by the ac-tion of chlorine/ acid chlorides/ magnesium chloride‘s 
and otluT metallic chlorides/^ Hydrochloric acid, free from air, does 
not attack antimony, but in the presence of air, antimony trichloride 
is ibrmed slo^vly ; the action is accelerated by the jorcsence of a little 
nitric aeid.^ 

Antimony trioxide is converted into the trichloride by the action oC 
chlorine,® chlorides of non-metals ^ and by dissolution in hydrochloric 
acid.^ Antimon}^ pentoxide reacts in a somewhat similar manner/ 

From antimony trisiilphide the trichloride may be obtained by the 
action of chlorine,^® hydrogen chloride (either in the gaseous form or in 
solution as described above), thionyl chloride,!^ sulphuryl chloride and 
ammonium chloride Concentrated hydrochloric acid reacts with 
antimony ])cntasulphide with formation of the trichlorideA'^ It is of 
interest to note that the trichloride has also been obtained by the dis- 
tillation of a mixture of antimony sulphate and sodium chloride 

Antimony pentachloride is reduced to the trichloride by heating with 
antimony A® 

Stibinc may be converted to antimony trichloride by the action of 
chlorine or phosphorus ])entachlorideA^ 

A pure solution of antimony trichloride may be preiDared by dis- 
solving antimony oxychloride in hydrochloric acid ; crystals may be 
obtained by evaporation from a solution of the trichloride in carbon 
disufj^hidc or in sul])huryl chloride, by sublimation of the trichloride 
in a current of carbon dioxide, and by solidification after fusion. 

Antimony tricdiloridc can exist in three distinct crystalline modifica- 
tions with transition points at Co” C. and GO-o” C. res])ectivcly. The 
modiheation stable at the ordinary temperature crystallises i]i the 
rhombic system, forming colourless, transparent, prismatic or octahedral 
crystals.-® Its density at 25” C. is d-ll. Its molecular volume-- 

^ tlcnsgon, Zciilr., 1891, 958. 

lleuinaiin aiul Koc'Aljn, Bar., 1882, 15, 419, 1757; 1883, 16, 482, 1625; yicliaolis, 
J. 'jyraht. Che.Jti., 1871, [2], 4, 425; Baudrimont, Amt. (Jhini. Fhys., 1864, [4], 2, 12. 

LMloto, Co'in.-pt. rtfuL, 1884, 98, 1491. 

Zc/UscJi. anal. Cham.., 1870, 9, 107; Dexter, Pofjg. Annalan, 1857, 100, 568. 

^ Cook(', Proa. Am.cr. Acad. Arts h>ci., 1877, 13, 18; llobiqucl, Ah/l. Chim. Phys., 1817, 
[2], 4, 165. 

^ W'ebor, Poyy. A mialv'n , 1861, 112, 625. 

Oddo and Serra, Ga-zzelta, 1899, 29, If, 355; Micliaelis, lac. at.-, Bauter, Annalcti, 
1892, 270, 251. ® Bobiquet, loc. ait. 

^ Weber, lac. ciL; Boyc, Poyg. Annalan, 1858, 105, 571; Miehaelis, J. prakt. Cham., 
1871, 4, 454; Pointer, loc. at.-, Brinz, Aanaltii, 1884, 223, 358. 

Rose, Jkxjfj. Annalan, 1824, 3, 445. 

Briiiz, hc'.cll. 1- RulT, Bar., 1901, 34, 1752. 

Bre.seniu.s, Zaitsch. anal. Cham., 1886, 25, 200; de Cierniont, Compl. rand., 1879, 88, 

972. 

Scherer, Zaitsch. anal. Ckc'rit., 1864, [3], 206. 

Berzelius, Schweif/yaCs J., 1812, 6, 144. Hen.sgcn, loc. cit. 

pLoek and Guttmaiin, Bar., 190-1, 37, 885; Wogcl, J. prakt. Cham., 1838, 13, 57. 

C'ookc, Proa. Amer. Acad. Arts Act., 1877, 13, 3S, 72. 

Kcindall, Gritlenden and Miller, J. Amair. Charn. Aoc., 1923, 45, 963. 

Topsoc, Aitzuiujsbar. K. Alaul. Ilh-.w. Wiem, 1872, 66, 42; Cooke, htc. cit.; Grotli, 
Chaj/i. Kryst., 1, 227. For the spatial structure, sec Bcrgmann and Engel, Zaitsch. pdiysikal. 
C7no/n, 1931, 13 B, 232. 

International Critical Tables, 1926, i. 111. See also Cohen and Strengors, Zaitsch. 
physikal. Cham., 1905, 52, 164; Cooke, loc. cit. 

-- Blitz, Sapper and Wunnenberg, Zaitsch. anonj. Cham., 1932, 203, 277. 
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(calculaiod ironi tPe density at C. and the coeflleieiit of ex- 

])ansion) is (tS-n. It melts at C., J‘ormi.no‘ a eolourless or yellowish 

oilA Tile existeiu'e ot tlic lirst transition ])oint sliyhtly Ixdow the 
meltiny point is indicated when the substance is licatecl gradually, for, 
in the neighbourhood of the melting point the crystals change to a 
heavy ])owdcr. The latent heat of fusion is 3,030 gram-calories per 
mole.“ The density of the liquid, and the surface tension (cr), at various 
temperatures, are as follows : 


Temperature, ° C. 

109*5 

127*5 

148*5 

166*5 

j Density {D\) 

2*599 

2*558 

2*511 

2*471 

: (7 (dynes per cm.) 

44*51 

41*84 

39*43 

37*38 


The variation of the density of the liquid with temperature {t) ^ between 
109° C. and 1GG° C. is thus given by the expi’ession 

=2*811 -0*0()22« 

The calculated mean value for the -iDarachor is 227*4. 

Tac[uid antimony trichloride boils ^ at 220*2° C., its latent heat of 
vaporisation^ being 10,700 calories per mole. Tlic critical temperature 
is 521° C., the ratio of the boiling point to the critical temperature (on the 
absolute scale) thus being 0*619.'' 

Antimony trichloride may be distilled from solutions containing 
sulphuric acid ])rovid(‘d that hydrobromic acid is dropped slowly into 
the solution, which latter shoidd be kc])t at 180° On distilling a 

solution of antimony trichloride in hydrochloric acid, hydrogen chloride 
distils over first, followed by a mixture of hydrogen chloride and anti- 
mony chloi’idc, and finally a.ntimony chloride alone. ^ The volatility of 
antimony trichloride is reduced by the addition of ferrous chloride.'*^ 
The tricliloridc docs not volatilise when a current of hydrogen chloride 
is passc'd through a hot, dilute solution. 

The solubility of antimony tilchloridc in water and the effect of 
temperature upon solubility is as follows : 

^ CnUciideii and .Millur, loc. at. 8 co also Cooke, loc. cii.; Kopp, An'/ialcn, 

1855, 95 , 548; Capitaine, J. prukL. Chtvi.., 1859, 18 , 449. 

- Tollo(;zko, Jhill. Ac(id.. Acl. Cracenr, 1901, 1 ; Tolloc/.ko and. Meu-er, Chc.ru. Zodr., 
1910, ii, 1054. For the , specific licat, sec Fcbal and Jalin, PoQ'j. Annaltn, 1880, [2], 27 , 
58-1 - 

•’ 8 n,C'dcn, J. Ckr.ni. S(jc., 1927, 130 , 1 175. 8 cc a.lso /lUf-.rhniional Criilcdl Tabled, I92S, 
3 , 25; ivurnakov, Pcrlnnitiin- and Kanov, A/r/udfs d.r, I'Jndtdnt PoJyte.cJi itinue Tierre.-le- 
(Jru/id, Iddroyrad, 1915, 24 , 599; Klcmcnsicwiccx, Jiull. Acad. Sci. Cmcutv, l!)(.) 8 , 485. 

■’ Maic'r, Bwreaii of Mines Tech. Jdiper, 1925, 5GO. 8 cc also Capitaine, loc. c.it.\ Cooke, 
Joe. cd.: Carncllcy and 'Williams, J. Chern. Boc., 1878, 33 , 281; Anscliulz and Evans, 
J . (Jheni. jSor.., 1885), 49 , 708; Tier., 1880, 19 , 1994; A-undleoi , 1889, 253 ? 101. 

Maicr, /or. ct!. 

Fotiipaiiz and 8ii(4iodski, Zeddcfi. 'phi/.-^ikal. Chchi., 1914, 87 , G35. See also van 
Aub(E .liud. Acftd. roy. Jirly., 1922, 7 , 409. 

" Kolii-c, Zedsch. anal. Chem., 1924, 65 , 109; BdUgcr, Oesltrr. Che:, a. Zed., 102 - 1 , 27 , 24. 

^ llosc, T()(jg. Aiiiiah'ii, 1858, 105 , 570; .Schlcier, humg. JDtdserlal.ion, Trlangeii, 1892. 

Fisciicr, Aiut(dea, 1881, 208 , 189. 

lluFsclimidt, Jier., 1884, 17 , 2245; Gooch, Browning and Gniener, ZeiCch. anal. 
Cheni., 1895, 32 , 475. 

\'an Bcmmclen, Xoodl and IMccrburg, Zeitsch. anorg. Chem., 1903, 33 , 272. Sec 
also do Banw, Disnerlaiion, Clrecht, 1922. 
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Temperature, C. . i 0 
Solubility i 

15 20 ' 

i 

25 : 30 ' 35 

i 40 : 50 . 60 : 

72 

i 

(Crams SbCI,., in 10() i 


■ 


i 

grams vater) i 6 (.d • 1 

815-S 920-8 

‘>88-1 ; 1068 1 152 

; 1368 ' 1917 ; 4531 ; 

a; 


When excess of water is employed, hydrolysis sets in rapidly, 
antimony trichloride thus resembling the other trichlorides of this group. 
The solubilities of the trichloride in aqueous solutions of hydroc'hloric 
acid at various concentrations at 20° C. are as follows (the concentration 
of each solute is given in grams per 100 grams of water) : ^ 


HCl 

i 0 

4*86 

12*34 

16*80 

18*41 : 

23*68 1 

58*08 : 

1 SbCla 

; 910*1 

895-4 

879*0 1 

j 

i 

1 857*6 ; 

866*4 ; 

856*3 : 

789*8 ■ 

1 


The trichloride is soluble in many other solvents including ether,- 
carbon disulphide,^ absolute alcohol, acetone,'^ chloroform,^ and to some 
extent in liquid cyanogen.^ It is insoluble in carbon tetrachloride. 

The molal conductivity of solutions of antimony ti’ichloridc in 
bromine ^ suggests that double molecules of SboClg exist, which dis- 
sociate into Sb 2 Cl 3 +~'^’ and 3CU ions. This view is supjDorted by elec- 
trolysis experiments.® 

The dielectric constant ^ has been determined for a series of dilute 
solutions of antimony trichloride in benzene. At 25° C. the value 
varies with dilution from 2*377 to 2*588, and at 40° C. from 2*340 to 
2*534. From this the calculated value of the di]:»olc moment is 
3*75 X 1()-^® c.s.u. 

The chlorides of potassium, rubidium, ammonium and thallium vail 
dissolve in purified lic^uid antimony trichloride. When the concentra- 
tion of the solution is above 0*lAg the conductivity is less than that oi' a. 
corresponding aqueous solution ; for more dilute solutions the con- 
ductivity is greater. The conductivity increases regularly with rise o(‘ 
temperature from 70° C. to 200° C. It is probable that the degree of 
ionisation is less for solutions in antimony trichloride than for solutions 
in water, but that for the dilute solutions the ionic velocity is greater. 
Solutions of the bromides of potassium, ammonium and thallium in 

Seidel, '' SolubiUtitH of Inorganic and Organic Sub-stances' ' (New York), 2 nd Kd., 
1920, p. 88 ; Mcerburg, Zeilscli. anorg. Cheni., 1908, 33 , 290. 

~ Usanovitscli and Terpugov, J. Otn. Cheni. Russ.y 1932, 2 , 447; ZcifscJi. physil'al. 
Glum., 1933, 165 A, 39. 

Cooke, loc. cit. 

Naumann, Ber., 1904, 37 , 4332. 

^ Sabanejew, Ztitsch. Ckeru., 187J, 7 , 204. 

Centnerswer, Btr. riiss. Fhys. Ges.y 1901, 33 , 54b; BulL Soc. c/Lan., 19()1, [.3], 28 , 

405 . 

' Ploinikov and Kiidra, Ztitsch. ph.ysihal. Chtni., 1929, 145 A, 265. 

^ For tlic conductivities of solutions of antimony tneliloride in other solvents, sc'e 
Kaldenburg and Lincoln, J. Physical Chtni., 1899, 3 , 26; Lincoln, ■ibid., 190l, 5 , 503. 

Smith, Proc. Pay. Sue., 1932, 136 A, 256. 

Slightly dilfcrent values have also been obtained, according to the mctiiod of calcula- 
tion adopted. 8 ce Malone and Ferguson, J. Che-ni. Physics, 1934, 2 , 91; Bergman n and 
Engel, Physikal. Ztitsch., 1931, 32 , 507; Ztitsch. physikaL Chc/n., 1931, 13 B, 232; Wenicn, 
Zeiisch. a-norg. Chtni., 1929, 181 , 154; 8 ehlundt, J. Physical Chcni., 1901, 5 , 157, 503; 1909, 
13 , 669. 

Klemensicwiecz, loc. cit. See also Frycz and Tolloczko, Ckem. ZeiUr., 1913, i, 91. 
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antiiriony trichloride have also been examined and their conductivities 
determined.^ 

The viscosity of antimony trichloride from 80° to 200° C. has been 
determined^ and the curve obtained by plotting the fluidity against the 
tem])crature appears to show a break at 120° C. 

The Eaman spectrum,^ which consists of four lines, suggests the 
cxistcnc'e of eo- valent linkages. 

The refractive index for the sodium D line is 1--160. 

The va])our ]Dressurc of antimony trichloride ^ is as follows : 


I U C. . . ^ 120 130 i 140 150 160 

I 'P (mm.) . : 29 ' 43 ; 64 i 92 127 


Determinations of the vapour density of antimony trichloride ^ arc 
in agreement with the molecular formula, SbCl 3 ; this formula is also 
conlirmed by a number of determinations of the molecular weight in 
solution by the freezing point method." 

The heat of formation of antimony trichloride ® is 91,390 gram- 
calorics per mole. 

The trichloride can be distilled without decoupmsition in a current 
of hydrogen.^ 

The reaction bctvv'een antimony trichloride and hydrogen has been 
investigated by passing a current of hydrogen at the rate of two litres 
])cr hour over the chloride. By means of a transformer a pressure of 
15,000 volts was applied to the reaction chamber, and an antimony 
mirror was obtained. 

The trichloride is stated to absorl) oxygen when ex]K)scd to the air ; 
cerlainly it deliquesces ray)idly in air, forming a cloudy liquid, while a. 
solution of antimony trichloride in hydrochlorict acid readily absorbs 

Klcmcnsiewiccz and llaloiina, Roaznlhi Chrm.., 19.1], ii, 083; 1930, lo, 481. 

“ Klomcnsicwiecz, BuiL Acad. Sci. Cracon:, 1908, 485. 

Daurc, Conij)!-. rend., 1928, 187 , 940; Kri.shnannifti, Xalure, 1930, 125 , 892. 

Tccqucrcl, Ann. Chhn. Bhy-H., 1877, [51, 59 , 122. 

Inter iiatio'/ial Critical Table.s', 1928, 3 , 213. fS(‘c also Motinjanz and Suchodski, 
Zeif.ndi. pkyAlcal. Clinm., 1914, 87 , 035. 

Mitschorlich, J. 'jrraJet. C/ieni., 1840, M], 19, 455; A\'()j'C;osic;r, /Iron. A'ni.er. Acad. Arts 
5V;/'., 1883, 18, 01. 

' Haoidt, Zetlsr/i. pky.sih/l. Chnni.., 7888, 2 , 371; Lc.spiaii, (Jonrpt. lend., 18!)7, 125 , 
101)4; Tolloazko, Znitsch. pfty.-ii l:.al. (Biean., 1899, 30 , 705. 8 c‘ 0 , however, Waildeii [ZeitscJi, 

anorrj. Cheni., 1902, 29 , 377; Znitsch. physilral. Chew., 1903, 43 , 437), wlio obtained Jiiclier 
results by the freezing point method. 

tor further jnformatiou eoncerniny^ tlie physical ])roperti(‘s of antimony trichloride, 
s('(' WTrner, Zcitsch. anorg. Chen/., 1929, 181, 154 ; Clnpman and McIntosh, Jlrocccdr/igs 
and d'ra/isactioi/s of tJ/c Xoui Scotia Jnslalutc of Science, 1928, 16, 18!); von Mullenlu'ini, 
Znilsr/i. (vn.org. Chnni., 1928, 176, 1, Cyiani and M'ilkinson, J. An/rr. Chen/. S(jC., J!)25, 
47, !)S9; Schuster, Zcitsch. anorg. C/i.en/.., 1925, 146, 2!)9; Go.'^sniann, Zeilsch-. BhysiJ:, 
1921, 22, 273; Ma(d)et]i and Maxwell, ./. Cl/.nn. S<jc., 1923, 123, 370; Ihllz, Zcitsch.. 
physital. (liciii., I!)22, lOO, 152; lluk'nl, ISiil. Mag., 1921, iO], 42, 150; (iryinbal, Jd-oc. 
(In III So<'., 1914,30, 179; Ikiscal, H'll . Snc. cfmn., 19(2, j Ij, II,2()I; Sddundl , Physical 
n/e //e, 1901, 5 , 50:b 

Thomsmi, Sir., 1SS3, 16, 3!). Sci' also CUiniz, Ajui. Cliim. ISiys., ISSI, [0|, 3, 53; 
Tolloczko, Znatsch. physilral . (tfn/n., 189!), 30, 70.5; Tolloezko and Al(‘V(*r, llosnio.';, 1!)I0, 
35 , ()4 1 ; I'honilinson, Che/n. iVn/cs, 1909,99, 1.33. 

Cooke, Ptoc. A/ncr. Acad. Arts Sc/-., 1877, 13 , GO, 72. 

Miyamoto, J. Chem, Soc. Jaymn, 1932, 53 , 788. 
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oxygen.^ OxicLation occurs under the influence of sunliglit, and it 
is suggested that a ]:)eroxide is formed at an intermediate stage. “ 

As already stated, the trichloride will dissolve in a minimum quantity 
of Avater AA'ithout decomposition, but if the molecular ])ro])ortion of 
IL.O to SbClg exceeds 2 to 1, oxychlorides are formed, the compositions 
of Avhich depeiid upon the temperature and the concentration.^ (For 
the hydrolysis of antimony trichloride, see p. 66.) 

Fluorine displaces chlorine from antimony triehloidde, the action 
being vigorous A 

Thermal examination of the system SbCI^ - C'U indicates the presence 
of a compound^ SbCL>.2C]2, AAdiich freezes at -81-5° C. Antimony 
])cntachloride is also formed. With niti’osyl chloride the compound ^ 
SbClj.XOCd has been obtained. No compound of antimony trichloride 
Avith bromine is indicated by thermal examination. 

Antimony trichloride is decomposed AAdien heated aaMIi sulphur, grey 
antimony trisulphide, 86.283, being formed ; a solution of the tri- 
chloride in hydrochloric acid is not affected, however, Avhen heated with 
sulphur. ® 

Hydrogen sulphide reacts Avith the vapour of antimony trichloride 
to form aiitimony trisulphidc ; reddisli-broAvn crystals of antimony 
tliiochloride, SbSCl, arc also formed by tliis reaction at a slightly lower 
tcm])eraturc.^^ Amor]:)hous antimony trisulphide is precipitated Avhen 
hydrogen sulphide is ]:)assed through a solution of antimony trichloride 
in hydrochloric acid to which tartaric acid has been added ; in the 
absence of tartaric acid a tliiochloride is fornied.^- Pre.ci])itation may 
also be effected from an ammoniacal solution containing tartaric, acid, 
but not from a solution in acetone.’''^ Antimony trichloride dissoh'cs 
in liquid hydrogen sulphide, the solution possessing apprec'iable con- 
ductivity ; tlie ])ro})crtics of this solution suggest that com})lcx com- 
])ounds of antimoiiy triehloi'ide and hydrogen sul])hidc arc formed.'^'' 

Concentrated sulphuric acid has very little action in the cold, but on 
warming, antimony sul])hate is ibrmed Avith evolution of hydrogen i 
cldoridc.^^’ When a mixture of sul])huric acid and a solution of antimony 
ti’ichloridc in hydrochlorie' aen’d is distilled, hydrochloric acid distils OAun* 
first, folloAved by antimony trichloride: Avhen finally sulphuric acid 
distils oA'cr, no antimony is found in the distillate, there being a residue 
of antimony sul])hate. Hv rc])cated distillations, hoAvcver, it is possible 
to obtain all tlie antimony as tidchloridc.^'^ 

^ Cooke, Chtr/i. I.SS0, 44 , 221. 

- Bruhl and -S(:hla^j:e], Zpif.-^rh. aiior/. 1634, 217 , 401. 

.Brandos, J., 1827, 51 , 437; Wolx'r, Po(j'j. Aunnlii^, 1 SOS, 125 , 87; 

Sad 'a no jew, ZrAsrh. Cdhcni., 1871, 7 , 20 - 1 ; Ih/./l. Soc. rhih/., 1871, ['2], 16 , 70; Baudrinioni, 
C'ntNpt TOid., I 80 O, 42 , 86.3; J . prali. (Jh( ni-., 1866, 69 , 262. 

Mojssaii, Ami. Cnlni. lAiys., .1891, | 6 ], 24 , 267. 

^ Blitz and Jeep, anonj, Chou... 1927, 162 , .32. 

Gall and Monc"(f'-i^b tAr.., 1927, 60 B, 86 . " Vo, col, ZchtrcAjpom J., 1817, 21 , 70. 

Vortniann and Badberg, lA-r., 1889, 22 , 2644. 

Ourochor, Coiii])!. ronl., 1861 , 32 , 82,3; Arctow.ski, Zcifsch. ^niora. CfiPiii., 1896, 8 , 220 . 

Ouvranl, CA.jnipt. rend., 189.3, 116 , 1617. 

Bo.s(', Poipj. A iiiiftloi, 186.3, 89 , 123. 

Duflos, n7o 0 pollirhcrrcrei iis m/rd. I)e Kisrlihi in! , 1828, 31 , 91; 1829, 36 , 278; 

Zrhirchjper K J., 1,830, 22 , 190; Z( ilmh. (inal. (An 1871, 10 , 343. 

kin Ivtaier, ./, Zoc. (An-m. Ind., 1SS9, 8 , 733. Xainnann, /dr., 190-1, 37 , 4332. 

1 .'' nlVtwriM), -ly.n \1,.I,nr.c-K .00./:/..,., n,../ O,.,, I(i-)d 10(1 
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Wlien a solution of antimony trisulphide in boiling antimony 
trichloride is allowed to cool, a double compound, SbSCl.TSbClo, 
separates out in the form of yellow, transparent, rhombic prismsd This 
substance is deliquescent, and is readily decomposed by heating or by 
the addition of water. 

A number of compounds of antimony trichloride witl'i alkyl sulphides 
and with alkyl sulphides and halides together have been ])rc])ared either 
by heating the eomponents in a sealed tube at 90 ^ to 120° C., or by 
heating them in calculated proportions gently under a reflux condenser.- 

Ammonia reacts with molten antimoii}’' trichloride to form two 
ammoniates, namely SbCl^.NH^, from which all the ammonia c-an be 
removed by heating, and SbCl3.2XFl3, a ycllowish-wdiite, crystalline 
substance which is stable and volatile. The former of these is much less 
deliquescent than the trichloride. From these compounds the corre- 
sponding double salts SbCl3.NIl4Cl and SbCl3.2XH4Cl may be formed 
by the action of hydrochloric acid.^ A tri-ammoniate, SbCl3.8XIl3, has 
been prepared by the action of ammonia on a solution of antimony 
trichloride in acetone.^ It is a white solid, stable in air ; on heating it 
loses ammonia.^ More recently, however, it has been shown tiuit when 
treated with licjuid ammonia, one molecule of antimony trichloride 
absorbs rather more than three molecules of ammonia without a])])caring 
to form a definite ammoniatc.'^ With liquid ammonia, in fact, antimony 
trichloride yields a yellow compound ® to which the formula Sb(XIT)Cl 
luis been ascribed. On further treatment an orange nitride, S 1 )X, is 
obtained (p. 113 ). 

Wlicn potassium cyanatc is added to an aqueous solution of antimony 
tricldoride,'^ a crystalline precipitate of antimonic*. acid is obtained. 
This is ascribed to the ammonia arising from the reaction 

KCXO -i- 211 oO KHC O 3 T XII 3 

Xitric oxide, free from nitrogen ]:>eroxide, is without action upon a 
solution of a.iitimony trichloride in chloroform, but in the ]U'csencc o(‘ a, 
trace of the ])croxidc, a complex crystalline ]:irecipitatc is o])tained. 
Solid antimoTiy trichloi’idc absorbs nitric oxides, tlie mixture becoming 
liquid. From tins licpiid all tlie nitric oxide can be removed by trcait- 
rnent in a vacmim.^^ 

Antimony trichloride is oxidised by nitric acad, antimonic acid l)cing 
rormed.^^ When a solution of antimony trichloride in nitric acid is 
distilled, the first distillate consists ol* a mixture of hydi’ochloric acid 
and nitric* acid ; towards the caul some antimony pvmtachloriclc distils 
v'ith ])artial decomposition : antimony pcntoxicle remains. 

' Sclincidcr, Po(!il- A iiiKtlcn, IS.IS, 108, 407. 

“ Pay, Adlukari and Uay, J. Indian Che.ni. iSar., 1.631, 8, 201, 711. Sne this ScL'ius, 
\'oL XI, Part III. .Sec al.so iJiis Series, Vol. X. 

^ l)(dierain, Covijjt. rend., 1801, 52, 7.*M. 

'* Xaumann, Brr., 1904, 37, -1332. 

'* See also Jae((uelain, An)i. Chiin. Pliys., 1837, 66, 128: PouLdat*, Cumpf. rend.., 18-10, 
20, 1180; Anrnalnn, 1840, 56, 243; Wcinland and Seliinid, Ptr., 1900, 38, 1084; Ro.sc, 
Atm. Chvni. Phys., 1836, [2], 62, 322. 

" S(;h\varz and .Pain inaire, Per., 1932, 65 B, 1662. 

^ Seliwarz a,nd .Pam niaii'e, lor. rit. 

•* DaluUos, Praliilat [:\L'(td. Alliciioii), 1931, 6, 92; Zi-t(-'<rh. a/mry. CJuo/i., 19:M, 217, 
38 1 . 

Thomas, ('onijtl. irnd., 1890, 120, I I 10; 1896, 123, 01 ; Besson, ih/d., 1889, 108, 1012. 

Voyad, Scliirciyycr's 1817, 21, 70. 

P()S(‘, A /in. C'hnni. Phyr., 1836, [2], 62, 322. 
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ANTIMONY AND BISMDTH. 


When phosphine is passed through molten antimony trichloride, a 
black coin])lcx substance of indefinite composition is obtained^ 

Phosphorus pcntachloride ~ reacts with formation of the double 
compound PCl 5 .SbCl 5 . A reaction also occurs with phosphorus tri- 
iodide.^ 

When antimony trichloride is heated with alcohol under pressure, 
oxychlorides are formed ; ^ the reactions with ether, ^ acetone, di- 
methylamine,’' ben/ene,® aniline ^ and many other organic compounds 
have also been describeclP^ 

Antimony trichloride reacts with stannic iodide,^- double decomposi- 
tion taking place. Double decomposition occurs when antimony 
trichloride is heated with germanium tetraiodide.^^ 

A violet compound of copper, CuoSb, is obtained by the action of a 
hydrochloric acid solution of antimony trichloride containing cuprous 
chloride upon metallic copper. The reactants should be protected from 
the air.^^ A similar reaction, occurs between antimony trichloride and 
.metallic tin,^^ the compoimd Sb.^Sn being formed. Xo reaction has been 
observed with bismuth. 

Reactions also occur with Jiickel and cobalt, a mono-antimonide 
being produced in each case. 

Among the uses for which antimon}’ trichloride has been suggested 
is that of an addition to a hydrocarbon fuel to act as an “ antiknock.” 
About 18 grains per gallon of petrol arc recommended.^^ 

Double and Comjolex Compounds. — When a current of hydrogen 
chloride is passed into a saturated aqueous solution of antimony tri- 
chloride at 0^ C., until no more of the gas can be absorbed, a com])ound 

^ Mahn, Jo.naische Ztiiscli., 1869, 5, 160. 

- Weber, Fogg. Annalen, I860, 125, 78. 

^ Karantassis, Ann. Chim.y 1927, 8, 71. 

* Schailcr, Annalor, 1869, 152, 135; Btr., 1868, i, 135; Cooke, Proc. Amcr. Aciul. 
Arfs Sci.y 1877, 13, 63, 105. 

^ Ak’ckles, Co'nvpt. rend., 1861, 52, 396; Sabanejew, ZeiUch. anal. C/iein.. 1871, 10, 
205; Kurnakov, Pcrlinuttor and Ivanov, J. Biis6. Phys. Client. Sac., 1016, 48, 1058. 

Kurnakov, Perlmuttcr and Kanov, lac. cU. 

~ Vincent, Zeilsch. anal. Ckeni., 1880, 19, 479. 

® Kosenheim and Stellrnann, Btr., 1901, 34, 3383; Menschutkin, Chc.ni. Zi/dr., 1910, ii, 
378; J. Chim. Phys., 1911, 9, 314. 

^ Hiabco, Anier. 67n-7/n J., 1900, 23, 150; Mtnischutkin, J. Russ. Phys. Che>/i. For., 
1912, 44; 1128. 

Smith, Bcr., 1879, 12, 1420; Godedroy, Zeitsch. anuil. Chcni., 1877, 16, 244 ; Smith and 
Davi:s, J. Cheni. Sac., 1882,41,411; Clae.sson, Bull. Bor., chim., 1876, [2j, 25, 185; Ivohlei-, 
Ber., 1881, 14, 1626; Cauis?ie, Bull. Boc. chim., 1892, r31, 7, 242; Mcnscdiutkin, J. Buss. 
Phys. Chem. Boc., 1911, 43, 1275, 1303, 1329, 1785, 1805; 1912, 44, 1079, 1102, 1108, 
1113, 1137; 1913, 45, 1710; Dunning and Reid, J. Anier. Chem. Boc., 1927, 49, 2869, 
von Euler and Hellsbrom, BvensJc Kent. Tids., 1929, 41, 11; von Euler and W’dI.sl acdl , 
Archiv Kerni, Mineral., GeoL, 1929, 10 B, Ko. 9, 1; Ilontignie, Bull. Brc. rlun/ , 1929, 
45, 302; Raudnirz, Ber., 1927, 60 B, 743; Gray, J. Chc-ni. Bor., 1926, 129, 3174 ; Xhui.stone, 
ibid., 1914, 105, 1491; 1925, 127, 550; Vasilicf, J. Buss. Phys. Chou. Bor., 1917, 49, 
428; Relladen and Ai^tcngo, Aiti B. Accjid. Lineei, 1923, [5], 32, i, 491, Xhiniiuj and 
Mn.ssgniig, Be.r., 1917, 50, 21; May, J . Chem. Boc., 1912, loi, 1037. 

See also this S(a-i(?s, Vh)l. X; VMl. X f, Part lit. 

I\a rantas.sis, .4a//, Chun., 1927, 8, 71. 

Karantassis, Chjm jd . rend ., 1933, 196 , 1891. 

iMaz/.iK-ehelli and V'nreillo, Aiti B. Acend. L/nr.ri, 1925, 16'], i, 233; AiTiNnuit, ('oi/iyl. 
rend., 1930, 190, 1506. 

Mazzuceludli and Vdacillo. loc. cil. 
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2SbCI3.HCl.2H2O is obtained in the form of deliquescent crystals melting 
at 16^ C. It loses hydrogen chloride on heating.^ 

■Many double salts with chlorides of the metals of Groups I, II and 
HI have been described, among them being the following : 

2LiCl.SbCl3.5H2O and 2LiCLSbCl3.6Ho0.2 

NaCl.SbClg.^ It is possible that conpDlexcs, yielding ions of HySbClg, 
arc also formed when antimony trichloride is dissolved in solutions of 
sodium chloride."^ 

2KCl.SbCl3, dimorj^hie, crystallising in the hexagonal ^ and the 
monoclinic*. systems.^ Crystals of the latter system have the following 
elements : a \ h \ c ^ 0Y24i : I : 0*7222 ; ^ = 111° 3'. An hydrated form, 
2KCLSbCl3.2HoO, has also been described.^ 2KCl.SbCl3.SbOCl, pris- 
matic crystals of the monoclinic system.® 

KEr.SbClo.HoO, bright yellow oetahedra ; 3KBr.2SbCl3.2H2O, 
bright yellow rhombic crystals ; 3KBr.SbCl3.1*5H20, yellow crystals 
of the tetragonal system : a : c — \ : 0*7620. 

RbCl.2SbCl3.HoO, long, colourless crystals (M.pt. 77° C.) of the 
monoclinic system : a : b : c =1*699 : 1 : 0*820 ; p =90° 311-'. RbCl. 

SbCl3, colourless crvstals (no definite M.pt.), monoclinic system: 
a : h : c = 1*732 : I : L085 ; ^ = 114° 26'. 3RbC1.2SbCl3, pale yellow 
crvstals, trigonal rhombohedral svstem : a: c = 1 : 0*5625 ; a = 110° 54'. 
2RbCl.SbCl3.SbOCl.i® 

3CsC1.2SbCl3, white or pale yellow prismatic crystals. 

BaCl2.SbCl3.2*5ll20, line, star-shaped crystals. 

CaCl2.SbCl3.8H2O, large, colourless, tabulai' crystals, probably of 
the triclinic svstem.^® 

MgClo.2SbCl3.10HoO 1" and MgClo.SbCl^.rHIoO.'^ 

BcCl^.SbCl.j.dlloO and BcClo.ShCf.j.llIob.^^^ “ 

3TlCLSbCl3, light yellow scales.^^ 

17CdCl2.SbCl3.18li20, relatively stable, colourless; lTCoCl2-SbCl3. 
32H2O, violet ; AICI3. 381)113.61100, very hygros(‘opi(‘, unstable.-^ 

^ Pngel, raid., .1888, 106, 1707; lUrlholor, ylmi. Chlrn. Phy,^., 1887, [0], 10, 

133; Dille, ibid., 1881, [5], 22, 557. 

“ Epliraim, Ptr., 1003, 36, 1821. 

^ JYp:jzialc, Cotn/pl. rend., 1845, 20, 1180; Ann.alen, 1845, 56, 244; .Liebig, IhnuU 
u'orttrhuch drr rrdnah nnd angavdiulte.n, Clic.mm ” ( Brauii.scliwoig, 1837), Vol. 1, p. 423. 

>Saylor, ''Fifth Colloid Symposium, M onogra'ph,''' 1927, p. 49. 

^ Benedict, Proc. Am.ar. Acad. Arts Scd., J804, 22, 212. 

Bc'nedict, lac. ril.; Poggiale, Coinj)!. raid,., 1845, 20, 11 SO; Arnialai, 1815, 56, 243. 

" Sc'e also Ilei'ty, Airier. Chan. J., 1894, 16, 495; Wells and Foote, Anicr. J. Sci., 
1897, [4], 3, 4()1; dordns, JSa\, 1903, 36. 2539; Miyake, Man. Coll. Fug. Kyashn, 1025, 
3, 187. ® Benedict, loc. at. 

^ Atkinson, J. Chan. Soc., 188.3, 43, 289; Iforty, loc. cit. 

WliOfder, Anirr. ,f . Sci., 1893, [.3], 46, 269; Zalsch. an.org. Chan., 1893, 5? 253. 

W’lu'eler, loc. cit.; Heniseri and , Saunders, Am.ar. Chan. J., 18i)2, l^, 155. 

Wheeler, loc. at.; Pemseii and Saunders, loc. cit. See also Godellroy, Far., 1875, 
8, 11; Wells and Boole, loc. at. 

Wells and Foote, loc. cit. 

CodefTroy, Bar., 1874,7,375; 1875,8,9; Bomseii and. Sa undci's, /or. rj7. ; 8cl terberg, 
Of cars K .- Val.-A had.. Forh., 1862, 6, 26; Muthinann, Ba\, 1893, 26, 1425; Belircns, 
ZaifsrJi. anal. Chan., 1891, 30, 163. 

Foggia.h', loc. cit. 

Benc'diet, .Pr(A‘,. A )na\ Arad. Arts Sri., 1895, 30, 9; Zalsch. anoig. Chan., 1895, 8, 234. 

Fphraiin, loc. cil.; JYggiale, loc. at. 

.Fphraiin, loc. cit. Flphraim, loc. at. 

Ephraim and Lartec/dvo, Zailsch. anorg. Chan., 1909, 61, 238. 

.Sauciue, Pull. Sac. Chim. Roma/tia, 1931, 13, 23. 
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Thermal examination of a number of binary S3^stems, involving 
antimon}' trichloride as one of the components, has been made. Among 
them the following may be mentioned : 

SbCl3-LiCl, SbCl3-XaCl, SbCl^-KCl,! SbCU-KBr,^ SbCl^-NH^Cl, 
SbCIo-CuCl, SbCl3-AgCl;3 SbCl^-BaCU, SbClg-HgCls, SbCl3-HgBr2 : 
SbCIg-AlCl.^ ; SbCl3-SnClo, SbCl3-SnCl4,^ SbCl3-SnBr4,^ SbCl3-Snl4 ; ® 
SbCl.~AsCl3, SbCl3-AsBiC,7 SbCl3-SbCl5,8 SbClg-SbBrg, SbCi3-Sbl3A 
SbCl3-BiCl3.io 

Oxychlorides of Ter valent Antimony. — Many substances of a 
complex nature, obtained by different investigators, have been described 
as ox}mhlorides of tervalent antimony ; a study of the h\Mrol\^sis of 
antimoiw trichloride, however, suggests that only two of these, namely 
SbOCl and Sb405Cl2, are true compounds, although unstable inter- 
mediate products ma}^ be formed. The h}Mrolysis does not appear to 
be progressive, as was thought by early workers. It is probable that b}’ 
the addition of sufficient water antimony trichloride is completel}^ 
Inxlrolysed to a h\ulrated form of antimony trioxide and hydrochloric 
acid, the former of whicli forms a bulk}g white, amorphous precipitate. 
On standing, this precipitate tends to adsorb h\Mrochloric acid, the 
composition of the resulting product depending upon the concentration 
of the supernatant solution. This adsorption product tends to change 
on standing for a considerable time into a very finely ciystalline sub- 
stance, the needle-shaped crystals of which ma\^ have the composition 
Sb403(0H)3Cl3 ; these in turn are transformed to the oxychloride 
SbOCl. From the table on p. 07 it will be seen that the solid phase in 
equilibrium with concentrated mixtures of antimony trichloride and 
water is the ox^mhloridc SbOCl, while that in equilibrium with more 
dilute mixtures is the oxychloride Sb405Cl2* The two oxychlorides can 
be readih^ distinguished from one another by their crystalline form. It 
is suggested that the intermediate substance 81)403(011)3013 reacts in 
accordance with the equations 

81)403(011)3013 +IIC1 - tSbOCl -f 2II0O 

81)403(011)3013 ^SlqO^Olo -i-HIO -f-HCl 

It is possible that another intermediate unstable ciystalline product, 
Sb403(0II)5(I, may also lie formed. The transition from SbOOl to 
81)405012 takes place when the concentration of clilorinc in the solution 
is approximately S-OAy and the transition from antimony trioxide 
to an oxychloride when {.he chlorine concaartration is about. 0-tA^. 
Examination of the equilibrium of the system Sl)o03-1 101 -1120 at 

^ Keiida], Criticndoii and Miller, J. Annr. Chf-m. Hoc., 1923, 45, 963. 

- Tolloczko, Ztii.^ch. pJiysd-al. Chon., J899, 30, 705. 

Kendal, Crittenden and Miller, Loc. cit. 

Kendal, Crittenden and .Miller, loc. cif.; Tolloczko, Bulletin interna tiomiLe da 
Vacadein.'ie dcs Sciences de CraejiruP, 1901, i, 1. 

^ Tolloczko, loc. at. 

.Beckmann, Zeiisc.h. anorg. Chem., 1906, 51, 96. 

' Toiloezko, lor. at.: Carc'ili and Ikissani, Atfi /!. Arrad. Linni, 1901, loi. 255. 

Alcn, Zei/srh. jdiyaikal. Chrm., 1909, 68, 41 ; AInI(‘S, ifyid.. 1915, 90, 70. 

Bernards, AUl II. Arrad. Lnirei, 1912, [5|, 21, li, 43S. 

Tolloczko, Joe. cit. 

“ Schneider, Pofjg. Anna.lrn. IS59, 108, 407; Sabanejitu, Zntsrh. (Jkem., 1871, [21, 7, 
2()4,- Williams, Cham. Sews, IS71, 24, 224; Cooke, Broc. Amer. Acad. Arts Sci., 1877, 
13, 63, i()5; .Frenzel, d ahresber.. 1877, 31, 1286; Merz and Weith, Bar., 1880, 13, 210. 
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25 ° C. revealed no transition points corresponding to the formation of 
oxychlorides.^ 


EQUILIBRIUM IN THE SYSTEM Sb203-HCl-H20 
AT 25 ° C. 


Chlorine, 

gram- atoms per litre. 

Antimony, 

^gram-atoms per litre. 

Chlorine, 

gram-atoms per litre. 

Antimony, 

'gram-atoms per litre. 

0-198 

0-00012 

2-10 

i 0-0522 

0-402 

0-000172 

2-29 

0-0755 

0-601 

i 0-000298 

2-54 

1 0-120 

0-709 

: 0-000610 

2-81 

0-177 1 

1-02 

; 0-00124 

3-36 

0-309 ' 

1-32 

0-00565 , 

3-85 

0-440 

1-56 

0-0116 

4-79 

0-745 

1-74 

0-0194 

5-93 

1-13 

: 1-00 

1 

0-0299 




EQUILIBRIUM IN THE SYSTEM SbCl^-HoO AT 25° C. 

Solid and Liquid Phases in Equilibrium at Different 
Concentrations . 


1 Liquid Phase. 

i 

Solid Phase. 

Antimony, 

1 per cent. 

Chlorine, 
per cent. 

Antimony, 
per cent. 

Chlorine, 
per cent 

■ 44-0 

41-9 

69-9 

20-7 

; 39-4 

38-8 

70-0 

20-6 

33-0 

34-5 

69-8 

20-7 

i 28-7 

31-6 

70 -0 

20-6 

i 27-1 

,•50-4 

69-9 

20-6 

i 23-8 

27-9 

70-1 

20-7 

1 21-2 

25-8 

70-0 

20-7 

: 18-7 

23-7 

, . 

20-7 

; 16-2 1 

21-4 ; 

Alixtiire 0 

r Crvstals 

1 14-8 i 

20-7 

1 

11-3 

11-3 1 

17-5 ; 

76-1 

11-2 

' 7-5 1 

14-3 : 

76-1 

11-2 

4-5 1 

11-7 i 

76-1 

11-3 

1-9 

9-0 

i 76-0 

IM 

1-7 

8-9 

76-2 

11-2 


Xote . — SbOCl com a ins Sb 70-29 per cent.; Cl 20-47 per c,ent. 

SbiO.d’h contains Sb 7()-34 per cent.; Cl ll-lb per cent. 


' L(‘a and Wood, J. Chcin. Soc.., 024-, 125, 1.37. See also van Beinmelcn, Noodt and 
Mecrburir, 7ji:ifsr,h.. (uiorg. Chon..^ J9()3, 33, 272, 2S9; J3ert,lielot, Ah/i. Chirn. Phys.^ 1887, 
[6], 10, 133; Uc Chatelicr, Coju/pt. rend., ISS."), 100 , 737; 188G, 102, 1388: Dilte, 'ibid., 
1874, 79, 9.0G. 
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AXTTMOXY AXD BISMUTH. 


As the conditions of equilibrium within the system SbCl 3 -H 20 - 
ITCl (or of tlie more complete system Sb 203 -H 20 -HCl) do not appear 
to have been fully elucidated, it may be desirable to include here the 
results of investigations by previous workers. In the table below 
data are included for three different temperatures, namely 15'' 

20 ° C.“ and 50° CA For each temperature the formulae of the stable 
solid phases are stated, together with the composition, or range of com- 
position, of the liquid phase in equilibrium therewith."^ It will be noted 
that the existence of an oxychloride Sb^OoCl- or SbCl 3 .(SbOCl) 2 , 
indicated by these investigations, has not been confirmed by the more 
recent work of Lea and Wood referred to on p. 67. 

EQUILIBRIUM IN THE SYSTEM SbClg-HCl-HoO. 

(The composition of the liquid phase in each case is recorded as moles of 
solute in 100 moles of water.) 

Solid Phases. Liquid Phase. 


SbOCl 

Sb^O^Clo 


Temperature 15° C. 

JITCl 3*66 4*40 4-78 4-85 5-20 5-24 

\SbCl 3 0*08 0-27 0-80 2-50 4-75 6*68 

/HCl 0-425 0-46 2-0 2-76 

\SbCl 3 0-0009 0-0015 0-0029 0-0167 


SbCl3; SboOoCls 
Sb302Cl5; SbOCl 
SbCL, 

SluOoCl^ 

SbOCl 


Temperature 20° C. 

/HCl 3-6 
[SbClg 68-3 

/IICl 9 


\SbCl,, 

/HCl 

25 

2-4 

6-1 

8-3 8-2 9-1 11-7 28-7 

\SbCl 3 

71-2 

69-9 

68-2 68-7 68-9 68-1 62-8 

/HCl 

6-7 

7-8 

8-2 

\SbCl 3 

64 

50 

35 

/HCl 

7-3 

8 - 1 - 


tSbCl,. 

8-6 

19-7 



T emperaiure 50° C. 


SbOtl 

/HCl 

3-35 

3-82 

4-24 

(SbCl,, 

0-172 

0-396 

2-640 

Sb 405 Cl 2 

fl-ICl 

\SbCl 3 

0-18 

0-0008 

1-58 

0-008 

2-00 2-76 

0-012 0-046 


Hydrolytic dissociation is retarded and inay be inhibited l)y the 
presence of hydrogen chloride, the chlorides of alkali and alkaline earth 
metals, and tartaric aeid.^ 

’ Lf Cluitclier, loc. (ut. - van Beniniolen, Aooclt and Mooi'bur^, lor., ril. 

Ln Cha teller, lor. r,it. 

‘ Al)eg'i:5 " .11(1 tulbii.ch AiKjrgiinisc.lic'i) Clicrric.'' (Leipzig)^ 1017, Vol. JTI, Part 
p. r)9(). 

IVAtson, J. Soc. CliP.m.. Ind., 1886, 5’ 690; AVatsoii, Cheni. Xirics, .1888, 58, 207; 
Sanderson, German Patent^ 1890, 54219; Causse, Coinjjt. rend., 1891, 113, 1042. 
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Antimony Oxychloride, or Antimonyl Chloride, SbOCl, is obtaii'ied as 
an amorphous white powder, or in tlic form ol small rhojiibohedral 
crystals, by the hydrolysis of antimoiw tricliloride at the ordinary 
tem])ei'ature as already described, care being taken to avoid excess of 
water.^ By heatijig antimony trichloride with alcohol in a sealed tube 
at C., antimony oxychloride is also obtained in the form of colour- 
less crystals ot the inonoclinie system : “ a : b : 6‘=()*893d : 1 : 0*7577 ; 
/3=: 103^29'. 

The heat of formation from the elements is 89,700 gram- calorics 
per mole.^ 

When heated this oxychloride decomjDOses, yielding first Sb^^OsCB 
and SbCl 3 , ultimately, with strong heating, passing into a mixture of 
antimony trioxide and antimony trichloride. Volatilisation of antimony 
trichloride begins at 170^^ Plot Avater converts antimonyl chloride 
into Sb^j^O^Clo.^ 

Antimonyl chloride is insoluble in alcohol and ether, but soluble in 
carbon disulphide, chloroform and benzene, as avcII as in hydrocdiloric 
acid and in a solution ol tartaric acid. 

The oxychloride Sb^O^Clo may eoiiAmnicntly be prepared by methods 
similar to those adoptecl for SbOCl, using a moderate excess of water 
lor hydrolysis, or by heating Avith alcohol at 140'^ to 150° C.^ 

This second oxychloride is obtained in the form of minute ]Arismatie 
crystals ol the monoclinic system : ^ a: h : c =1*284 : 1 : 8*081 ; 
/3 = P21°2h Its density is 5*014. It melts Avithout decomposition; 
but at a higher tern j.)crat lire it is decomposed into a mixture of the 
ti’ichloi’iclc and the tri oxide. It is not affected by cold Avatcr, but it 
loses chlorine Avhen treated repeatedly Avith boiling Avater, while water 
at 150° C. decomposes it com])lctcly, antiinony trioxide being formed.® 
It is also eonvei’tcd into the oxide by treatment Avith alkali solutions. 
Mineral acids coiwcrt it into the corresponding normal salts, oxalic a(*id 
into a basic oxalate.’^ When heated with sulphur it is conAxaded into 
black antimony trisid])hide, Avith CA'olution of sulphur dioxide ; intei’- 
mediate products may also be tormed.^^ The heat of formation J'rom 
the elements is 828,800 gram-calorics.^-^ 

The folloAving coni])Ounds of tcrvalent antimony, chlorine and 
sul]d]iir, in addition to those ])reviously ineutioned (sec p. 62), have 
been described. Some of them mav perhaps be thiochloridcs : 
8 ])SCL 8 bC'l 3 , Sb.S^CL, SlvS.CT^ and 

^ .SabaiicjcwA loc. clt.; PcJjg^ot, A/in. Chi'ui. Phyd., 1847, [3], 20, 283; Annialtii, 1847, 
64, 281: Wdliianis, loc. cit.; Cooke, loc. cll.; Frenzei, loc. cit.; Schailer, Annalen, 1869, 
152, 13“): Bcr., JS68, i, 135. 

- Sclialler, loc. cit.; Cooke, loc. cit. Gunlz, An/i. Ckrm. Phys., 1884, [6J, 3, 56. 

^ Schailer, loc. cit.; Sabanojew', loc. cit.; Cooke, lac. oil. 

•’ Sabanojew, loc. cit. 

Sabanojew, loc. cit.; ^lohn.slon, At/z; Edinbur'jh Philo.'ioyhicid Joiirnoly 1835, 18, 40: 
J. yvdkt. Chcni., 1835, 6, 55; Ann,. Ckvni. Phyd., J835, 59, 220; J. yrakt. Okotn.., 

1835, 6, 253; keligol:, loc. cit.; Macivor, Chcni. Aozew, 1875, 32, 229; Scliafler, loc. ciL; 
Cooke, loc. at. 

' -Sabanojew, loc. cit.; Cooke, loc. cit. 

® Itonry, J. Pharvi., 1821), 12, 79; Duflos, jSc/iwaiaytPs J., 1833, 67, 268; Malagulj, 
loc. cit., I)ebra\', Conijd. 'rend., 1864, 58, 1209; J. pralcl. Chern,., 1866, 98, 151. 

'* Pobrens, Zeitsch. andl. Chttn., 1891, 30, JG3; feehali'cr, loc. cit.; Sabanejew*, loc. cit. 

Grouvclle, SchiceiyijcPs J., 1821, 33, 431. 

Gunlz, loc. at. 

Ouvrard, CompL raid., 1893, 116, 1517; Itutl and Fischer, Per., 1904, 37, 4515; 
Tavornc, Chan. Weekblad, 1908, 5, 19. 
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Antimony Tetrachloride, SbCl4.- — This compound does not yet 
appear to have been isolated, but many double compounds formed from 
it have been obtained, including 2CsCl.SbCl4, 2RbCl.SbCl4, TlCLSbC]4 
and possibly 3KC1.2SbCl4. Many other compounds contain both ter- 
valent and quadrivalent antimony ; while still more arc known only 
in the form of isomorphous mixtures with corresponding compounds 
such as platinum tetrachloride and tin tetrachloride. All these com- 
pounds are dark brown or deep violet in colour, a darkening of colour 
being an indication of the presence of quadrivalent antimony.^ All 
these double compounds, with the exception of one containing both 
thallic and thallous chlorides,- with the probable formula TICI.TICT3. 
2SbCl4, tend to decompose into mixtures of compounds containing 
tervalent and quinquevalent antimony.^ The equilibrium, in solution, 

SbCl3-rSbCd5=^2SbCl4 

appears to be greath^ dependent upon the temperature and the possi- 
bility of ionisation. A The presence of sulphuric acid and of salts favours 
the formation of antimony tetrachloride, and the mixture becomes 
darker, indicating an increasing proportion of the tetrachloride, upon 
addition of hydrochloric acid, or with stronger heating. 

Antimony Pentachloride, SbClg. — This compound was first 
obtained by Rose by the direct union of the elements, powdered anti- 
mony combining spontaneously with chlorine, with incandescence. No 
antimony trichloride is formed.^ It is usually prepared by saturating 
molten antimony trichloride with chlorine, and distilling under reduced 
pressure.^ 

Antimony pentachloride is a colourless or faintly yellow liquid, 
possessing a sharp odour ; it fumes strongly in air. It melts ' at C., 
and yields, at lower temperatures, needle-shaped crystals.® Retween 
15° and 68° C. the density is stated to be given by ^ 

2-392 -0-()()2()4« 

Under reduced ]n'essure it can be boiled without decomposition, the boil- 
ing point at different pressures being indicated in the following tabk^ ; 


68 

102-103 


Pressure (mm.) . . | 14 | 22 

I B.pt. (°C.) . . ' 68 I 79 


1 Weinland and Schmid, Btr., 1905, 38, 1080; IVells and Motz.ger, Ame/r. Chtm. J., 
1906, 26, 268. See also Bosek, J. Chem. 80 c., 1895, 67, 516. 

~ Epliraim and Bartec/dvO, Zeit^ch. anorg. Chern., 1909, 61, 238. 

^ Ephraim and Weinberg, Bar., 1909, 42, 4447. 

^ Epliraim and Weinberg, loc. cit. ^ Hose, Pogg. Anyi.aleti, 1824, 3, 443. 

Anschutz and Evans, Btr., 1886, 19, 1994. Sec also Rose, Pogg. AnmiAn, 1858, 
105, 57 J ; Langguth, Chimie et Industrie^ 1931, 25, 22. 

’ Moles, Anal. Pin. Quim., 1914, 12, 314. Kammerer, Bor., 1875, 8, 507. 

Siigden, J. Chthi. Ago., 1927, 130, 1173; Moles, loc. cit.; llaagcji, Pogg. Amialcn., 
1867, 131, 122; Rulf and Plato, Bcr., 1904, 37, 679. 

Anschutz and Evans, Annalen, 1889, 253, 95. See also Moles, Zeitnch. 'phystkaL 
Chou., 1915, 90, 70. For other physical properties, see Bccquerel, Ann. Chini. Phi/n., 
1877, [5], 12, 34; Schlundt, J. Physical Chtm., 1901, 5, 503; Bleekrode, Wind. Annaltn, 
3 878, 3, 179; Walden, Zeitsch. anorg. Chem., 1900, 25, 219; Zeitsch. physikal. Chcni., 
1903, 43, 435; Beckmann, Zeitsch. anorg. Chem., 1906, 51, 99; Anschutz and Evans, 
Annalen, 1887, 239, 288; Nasu, Bull. Chem. Soc. Japan, 1934, 9, 198. 
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Tlie dipole moment, ^ calculated from values obtained for the di- 
electric constant, is 1-14 xlO'^® c.s.u. (In connection vith this the 
molecuki]* structure has been discussed.) 

The Raman elfect has been investigated,- both for antimony penta- 
chloride and tor chloi'antimonic acid HSbCl^j. 

Investigatiou ot the boiling ])oints of solutions of antimony penta- 
chloridc in carbon tetrachloride and in chloroform indicates that some 
dissociation occurs in dilute solutions.^ 

The chemiluminescence produced when antimony powder is dropped 
into chlorine has been investigated.^ Two continuous bands were 
observed, at 6250 -5200 A. (max. 5950 A.) and 4950 -3930 A. (max. 
4650 A.). No antimony lines could be detected. 

The behaviour of antimony pentachloridc as a solvent has been 
investigated.^ Chlorine, bromine, stannic chloride, chromyl chloride 
and chromic acid dissolve in normal fashion ; iodine trichloride and gold 
trichloride undergo dissociation, and iodine, stannic bromide and stannic 
iodide react with the solvent. 

The licat of formation of antimony pentachloridc ® is as follows : 

Sb (solid) -roCl (gas) =SbCl 5 (liquid) + 104,900 gram- calories 

SbC:l 3 (solid) 4-2C1 (gas) =SbCl 5 (liquid) -r 13,800 gram-calories 

Hy cxposui'c to moist air, or by the addition of the required amount 
of waiter, a crystalline mmiohydrate, SbClg.HoO, is obtained ; ^ this 
hydrate may be purified by recrystallisation from chloroform. Its 
melting ])oint lies belwveen 87° and 92° C. ; under reduced pressure it 
can. be distilled w’itli decom])osition, the pentachloridc being evolved at 
(irsl, rollow'cd by a little trichloride; a non-volatile residue is left. 
Wdum hc'a.tcd under atmos])hcric pressure chlorine is evolved.® The 
hydi-;itc is dc(‘om])osed by waiter and by a solution of sodium carbonate. 
\Vhcn heated wdtli chloroform or carbon tetrachloride, phosgene is 
roi'incd. 

A tctralujdrate, SbCl5.tH20, has been obtained either by evaporating 
a, satmadxai aqueous solution of the irentachloride over concentrated 
sul])huric acid/'^ or by precipitation from a solution in chloroform. 

With excess of water hydrolysis of the pentachloridc occurs, wdth 
ibrniation. of antijnoiiic and hydrochloric acids ; this hydrolysis can be 
prcwaaitcd by the addition of concentrated hydrochloric acid, or of a 
solution ol‘ tartaric acid ; in the former case, however, chlorantimonic 
avid is formed. 

Antimony pcnta,.chloridc dissociates on heating, forming the tri- 
chloride ami chlorine, the dissociation being slow at 120° C. but 

^ .P>(u\a;!na.nti aiifl Fnp;cl, Zaitsch. %)hysikal. Che/n.y 193.1, 13 B, 232. 

- Pcdlich, 1932, 20, 365; Rccllich, Kurz and PosenfeJd, Zeitsch. 

pJi},slhal. Chnn., J 932, 19 B, 231. 

' Moles, Zcil.sch. phy.^ikal. Cham., 1915, 90, 70. 

Bhaiiia.^ar and Matiiur, ZtUsch. phydkaL Cham., 1930, 9 B, 229. 

^ Moles, 1(jc. (‘it. ^ _ 

•' Thomsen, Bar., 1883, 16, 40. Sec aLso Braune and Tiedje, Zeitsch. anorg. Cham., 

1926, 152, 39. 

AiiseliviLz and lavans, Anualan, 1887, 239, 287. 

I)a,ubra\va, AiLiKilati.-, 1877, 186, 118. 

Weber, Bogy. Aruialen, 1865, 125, 86. 

Ansehiitz and Fv'ans, loa. cit. Sec also Ivosmann, Chem. Zed., 1887, ii, 1058. 

Braune and Tiedje, loc. cit. 
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complete just above 300° C. Between 120° and 260° C. the dissociation 
constant is given bv 

, ^ 3570 

log R =9-vI ^ 

The heat of the reaction is given as 16,320 gram-calories. 

With iodine, three main reactions can take place, all of which are 
probably complex. ^ When less than 1-5 per eent. of iodine is dissolved 
in aiitimonv pentachloride the reaction mav provisionallv be represented 
bv 

SbCl5+2l=^SbCl3-t2lCl 

but iodine trichloride, antimony triiodide and a chloroiodide of quiiique- 
valent antimony may also be formed. There is, however, no evidence 
for the formation of the compound SbCl^I. Two double compounds, 
SbCl 3 . 2 lCl and SbCl5.3lCl, may also be obtained according to the 
equations 

2SbCl5 + 21 = SbCl5.2lCl + SbCl3 

SSbClg + 41 = SbCl^.SlCl + 2SbCl3 A ICl 

These reactions may be carried out by heating the equivalent proportions 
of antimony pentachloride and iodine at a temperature of 30° to 35° C. 
under a pressure of 15 mm. The existence of these double compounds 
has been confirmed by thermal examination. 

When dry hydrogen sulphide acts upon antimony pentachloride a 
white crystalline compound, SbSCl.^, is formed.- It has a low melting 
point and is stable in dry air ; it is decomposed by water into antimon}’' 
oxychloride and sulphur, and by strongly heating into antimony 
trichloride and sulphur. It is attacked slowly by concentrated sulphuric 
acid with evolution of hydrogen chloride ; ^ it reacts also with chlor- 
sulphonic acid. 

Antimony pentachloride will react with sulphur monochloride, 
forming the compound SbCT 5 .SCl 4 . A mixture of equal volumes of 
antimony ])entachloridc and sulphur monoehloride is dissolved in 
sidphuryl chloride and the solution dried over phosphorus pcntoxidc. 
The equation is 

5SbCl5-f-SoCU-2(SbCl5.SCl4) +3Sb(;]3 

The compound is obtained in the form of yellow-amber cubes with 
octahedral facets : it fumes strongly on ex]30sure to air, becoming licpiid 
with separation of sulphur. It melts at 157° to 163° C. It lias ]io 
salt-like properties and is non-polar. A similar compound has been 
prepared by the action of sulphur tetrachloride ^ on antimony penta- 
chloridc, and by chlorine on antimony trisulphide. ^ 

The corresponding compounds with selenium tetrachloride,’^ SbCl 5 . 
SeCT^, and with tellurium tetrachloride,^ SbCl 5 .TeCl 4 , have been obtained 
by the action of dry chlorine upon a fused mixture of antimony and 
selenium, or antimony and tellurium. The compound SbC'l^.SeOCU has 
also been described.^ 

^ Kuil, Zedner and licchi, Ber., 1915, 48, 2068. 

- Cloez, A7h7h. Chi>ii. Phys., 1850, [3], 30, 374. 

^ Clausnizcr, Annalm, 1870, 196, 295; Priedrich, MofUilsh., 1893, 14, 519. 

Partington, J. Chtia. Soc., J929, 132, 2573. 

^ Ruff and Plato, Ber., 1901, 34, 1749; 1904, 37, 4515. 

^ Rose, Fogg, Annalm, 1837, 42, 532; Weber, Fogg. Aimalm, 1865, 125, 78. 

' Weber, Fogg. Annalm, 1865, 125, 81, 328. 

® Moles, loc. cit. ^ Weber, loc. cit. 
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Several addition eomj^omids are formed with ammonia/ including 
a red Iriannnoniate, SbCl^.ONH^, a white, volatile tetrammoniate, 
SbC]5. INIU, hexammoniatc, SbCl5.GNlT3. The iii-.st t^vo of these 

ammoniates react Avith hydrochloric acid to form the corresponding 
ammonium chloride compound. The compound SbC/.NII^Cl may be 
obtained by lieating together equivalent proportions of the binary 
compounds in a sealed tube.- The monohydrate, SbC/.NH^CLHoO, 
has also been obtained.^ It crystallises in the rhombic system, and may 
be regarded as ammonium metachlorantimonatc. Its ervstal elements 
are : \i : b ; e = 0-8909 : I : 0 - 7748 . 

Antimony pentachloride reacts with nitric oxide and with nitrogen 
tetroxidc forming the yellow, crystalline compounds 2SbCl5.NO and 
8SbCl5.2X02 respectively. In each ease the reactions are accompanied 
by considerable evolution of hcat.'^ 

With nitrosyl chloride, the compounds SbClg.NOCl and 2SbCl5. 
oNOCd have been obtained.^ 

Pliosjdhiic ® reacts with antimony pentachloride, hydrogen chloride 
being evolved according to the equation 

Pn3 -f iSbCl- = dSbCh, + PCI5 -f BHCl 

A mixture of the pentachloride and ])hosphonium iodide explodes 
violently in air, but when heated in a sealed tube a complex reaction 
takes })Iaec which may be rc]n*esentcd by the equation ” 

GSbC/ -t- 8PII J = Sbl, -r 2SbCU 9 IIC 1 v PII3 v IN 

Antimony pentachloride combines directly witli j^hosphorus penta- 
chloride,® and with phosphorus oxychloride,'-^ forming the double 
comi)oimds SbC/.PC/ and SbClj.POCi^ respectively. 

Reactioirs between antimony pentachloride and antimony penta- 
lliioride liave already been discussed (see p. 56 ). 

With c-arbon disulphide a vigorous reaction takes place, wliieh may 
be re])rcsented ])y the equation 

2SbUl5 -r CS. = CC’l, -r 2SbCT3 -r 2S 

If, howcN'cr, the mixture is kc])t cold, the comj)ound SbSChj is obtained.^ ^ 

Ajitimoiiy pentachloride is reduced to tlie trichloride by the action 
of silicometluine. 

^Vhen antimony pentachloride is heated with germanium tetraiodide 

^ Rose, Potj'j. Amidlc.ri, 1831, 24, 1(3;“); IVrsoz, Ann. Chun. 18,30, [2 |, 44, 322; 

Deliei'Min, Cornpt. rend., 18(11, 52, 734. 8co also Roseiihciiii and Jaeobsohii, Zeitsek. 
evnorp. Cheui., 190G, 50, 307. 

“ Fireman, ,/. Amer. Cheni. Poc., 10(J4, 26, 741. 

W'eiiilancl. and td'igc;, Bar., ](K)3, 36, 251; Weinlaiid and Fehlegelnuleli, Jler., 1901, 
34, 2(i33. 

^ Besson, Co/npl. rtfuL, 1889, I 09 , 1(02. 

^ Weber, Poyy. Anvalc.n, 1 8G4, 123, 347; Hudboroiigli, J. Chttn. Xor., 1891, 59, GG 1 ; 
\'an lleteren, ZeiLsek. anory. Chern., lOOO, 22, 278. 

'' Malm, J tna Irclie.. Zettsch., 18G9, 5, 150; Kose, Poyg. A.nmdtn, J831, 24, 1(35. 

‘ tdrenian, Anurr. Chem. J., 1903, 30, 118. 

Weber, Pinjii. A ninden, 3 8()5, 123, 78; Kohler, Ber., 1880, 13, 875, 

W'eber, /on! 'at. 

.Hotmann, Anncden, 18(51, 115, 2G4. 

" Rertrand and Tjnot, Bidl. Boc. chini., 1880, [2], 34, 201. See also Husemann, 
Annnlai, 18(31, 1 1 7, 229. 

Malm, J tneeaefoe Zeitsch., 1869, 5, 248. 
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a reaction occurs which results in the formation of antimony triiodide 
and the liberation of iodine : ^ 


fSbCl^ + oGel^ - 4Sbl3 + iJo -f- oGeCl.^ 

Thermal investigation of the binary system TiCl^-SbClj indicates 
the formation of a eutectic - containing approximately 40 per cent, 
antimony pentachloride (M.pt. -50^ C.). 

Gold chloride will dissolve in antimony pentachloride, but no 
compound appears to be formed.^ 

The j^araehor for antimony pentachloride is 26 units below the sum 
of the atomic constants ; ^ it is assumed, therefore, that there are two 
singlet linkages, and the formula, 


CD 


CP 


CD 

II 


CD 


Sb 

\ 


CF 


is analogous to that ascribed to phosphorus pentachloride.*'^ In this 
formula each bond indicates a shared electron, while the superscript 
ligures give the number of unshared electrons. In certain organic 
compounds antimony pentachloride is thought to exhibit an 
asymmetrical configuration.^ 

Chloroantimonic Acids. — Complex compounds arc known to which 
the formulae HSbCle, HoSbCiy and H 3 SbClg have been ascribed ; these 
may be regarded as met a-, pyro- and ortho- chlorantimonic acids 
respectively,’^ analogous to the corresponding oxyacids, HSbO^, H 4 Sb 20 n 
and HgSbO^, respectively. Neither the ortho- nor the pyro-chloranti- 
monic acid appears to have been isolated, although salts arc known. 
Meia-chlorayitmionic acid has been obtained by dissolving antimony 
trioxide in concentrated hydrochloric acid and saturating the solution 
with chlorine. The solution darkens at first, afterwards changing to a 
bright greenish-yellow colour. Crystals can be obtained by concentrat- 
ing slightly over a w*atcr-bath, adding hydrochloric acid and leaving 
over sulphuric acid, the tem]:)eraturc not being allowed to exceed C. 
The crystals are very hygroscopic ; they are soluble in cold wxitcr, 
alcoli.ol, acetone and glacial acetic acid. The solution in water under- 
goes hydrolysis, especially on warming, hydrated antimony pentoxide 
sej^arating out. Hydrolysis is prevented, however, by hydrochloric 
acid, and to some extent by nitric acid. The solutions in organic 
solvcjits arc more stable. As a precipitate is not formed immediately 
on adding silver nitrate to a nitric acid solution, it is suggested that the 

^ KaraiitassiH, Cowpi. rend., 193.‘b 196, 1804. 

- Nasu, Bu.U. Chan. Soc. Japan,, 1033, 8, 19a. 

J.iiicict, Coni'pt. raid. 1883, loi, 1494. 

^ Sugdon, J. Ohem. Sac., 1927, 130, 1173. 

Frideaux, CJian. and Jnd., 1923, 42, 672. 

Idsclua- and Taunnsch, Ztitsch. anorg. Chan., 1932, 205, 309. 

Por tiie action of antimony pentachloride as a catalyst, see Whitby and Katz, J . 
A^ncr. Chan. Sac., 1928, 50, 1160; Bothamlcy, Trans. Faraday Soc., 1928, 24, 47; Knoll 
and Co. and Schmidt, British Batent, 1925, 250897. 

' W'einland and Feige, Ber., 1903, 36, 244; Wcdnland and Schmid, Ztitsch. anorg. 
Chan., 1905, 44, 37. 
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chlorine and antimony combine to form a com]3lex ion.^ On the 
orounds ot tlic behaviour ot the chromium salts of ortho- and meta- 
chlorantimouic acids towards hydrogen sulpliide and towards silver 
nitrate, and also on account of the rcscniblance of these salts to the 
correspo!)ding hydrated chloiides of chromium, the formulae suggested 
for the comjjlex chlorides of chromium and antimony are “ 

[Cr(H,,0)J[SbClc]3 + 7H,0 

and 

[Cr(H20),Cl2][SbC4] Y 0H2O 

Salts of all these chlorantiinonic acids are prepared in a similar 
manner ; in general, a mixture of the metallic chloride and antimony 
trichloride (or pentachloride) in dilute hydrochloric acid is saturated 
with chloride ; ciystallisation is effected over sulphuric acid. All the salts 
are hydrolysed by cold W'ater, with the exception of those of the alkali 
and alkaline earth metals, and even these \dcld antimony ])cntoxide on 
warming. The ju'esence of hydrochloric acid renders the solutions 
more stable. 

Salts which have been obtained are given in the following table, 
together with their crystallographic characteristics.^ 

(A) Salts of ortho-chlorantimonic acid. 

CrSbCdg.l OlI^O Grey, hygroscopic plates. 

FcSbClg.cSHoO Yellow, hygroscopic, four-sided tablets, tetragonal 

system {a : c = \ : 1*01] 2). 

(P) Salts of pyro-chlorantimonic acid. 

IMgSbPl-.OH.^O Greenish-yellow, hygroscopic tablets ; triclinic 

svstem {a : b : c =()*71 1 1:1: 2*505 ; a —100" 22', 

/3G=88^ 3', y =01^^ ](>'). 

(C) Salts of mcta-chlorantimonic acid. 

LiShCl^. l lloO Square, hygrosco2)ic tablets. 

KSbCO(j.IloO Grccnish-ycllow, six-sided, hexagonal jdates ; rhom- 

bic system (a : b : c =0*8880 : 1 : 0*779 L). 

RbSbCl(; Thin, six-sided, yellowish-green tablets, rhombie 

system {a : b : 6* = 0*G719 :“l : 0-813G). 
NlliSbCly.lloO Isomorplious with the ])otassiuin salt {a : b : c ^ 
0*8009 : 1 .* 0*8136). 

Be(SbCl(3)o.lOTIoO Small, yellowish, hygroscopic needles. 
(’a(SbC](3)2.0ll26 Long, hygrosco2)ie needles. 

/n(SbCO(j)o.5lloO Unstable. 

Al(SbC4).j.l 51UO Greenish-yellow, hygroscojhc needles. 
(0'(SbCly).>.13lToO Grey- violet, flat, lyyroseopic needles. 

The following co]n])lcx com])ounds have also been ])re])arc(l, their 
}n*opertics determined and their formulae discussed:'^ XaSbG^. 
3lL>O.XaC:i; Cu(SbCl,)o.3lio0.nSbCl6-5HoO ; Cd(SbCl ,)o.l 2CdC:io.2lIoO ; 
SbCl 5 .C 7 ll,N.llCl ; SbCl5.C9H7X.nCl. 

’ WeiiUand and Schmid, loc. cit. 

- PfeifTci', Z(' It, sell, (iiiorg. Chem., 1903, 36, 319. 

^ Weiiiland and Fcige, loc. cit.; Sauciuc, BidL. Sac. Chlni. Ixornania, 1931, 13, 23. 
Sauciuc, Bull. Soc. Chlui. Roruaiiia, 1930, 12, 3G. 
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The following componnds with ammonia ^ ha^'e also been, obtainech 
in ^uklition to a number of eom])ounds with organic ])ases ; Cii(Sb( 1,;).. 
5NH.. : AoSbCl,.2Nn, ; Zn(SbCl,),.4XH3 : Cd(Sb('l,)3.7NIi ^ : 

nsbcd,,2N]i;,. 

Antimonyl Perchlorate. — When a hot solution of aniiniony tj'ioxide 
in excess of perchloric acid is allowed to cool, crystals ol basic antimony 
perchlorate, or antimonyl perchlorate, SbO.ClO4.2HoO, separate out as 
small needles.- 

Antimony and Bromine. 

Antimony Tribromide, SbEr 3 , is formed spontaneously, and with 
incandescence, by the direct union of powdered antimony and bromine. 
For its preparation, bromine is placed in a retort, and excess oi ]X)wdered 
antimony is added gradually, the mixture being kept cool until all the 
antimony has been added, after which the resulting antimony tri- 
bromide is distilled. It has also been prepared by the action, of cxe(\ss 
of antimony upon a solution of bromine in carbon disulphide. It may 
be purified by crystallisation from solution in the same solvent.'^ 

Antimony tri bromide forms colourless, acicular rhom])ie crystals 

a : h : c= 0-817 : 1 : 0-8(30 

Its density is 4-118 ; it melts at 0(3-G^ C. and ])oiLs between 270‘'' and 
280° 

The molecular volume,-^ calculated from the density at -101° C'., 
is 79-0. 

The dipole moment (in solutions with organic solvents) ^ is 
2-47 X 10“'^^ e.s.u. 

Antimony tribromicle absorbs moisture from the air, and is immedi- 
ately decomposed by it with the formation of an oxybromiden Tlu- 
formation of this oxybromidc is prevented by addition o(‘ tarta,rie acid. 
The tribromide is not attacked by cither nitric acid or sulphuric acid in 
the cold, but on warming bromine is liberated in each ease-.” It. is 
partially soluble in ether, forming two liquid la\mrs, the lowca- of which 
contains a compound of the two substances. It is solubles in boron 
tribromide.® Nitric oxide is without action, but with nitrogc-n tetroxidc a, 
compound, 2 Sbo 05 .N. 205 , is formed.^ The heat of formation is gi\(‘n by 

Sb (solid) -f-8Br (gas) =SbBr 3 (solid) x 76,000 gram-ealoric-s 


^ Weinland and Schmid, loc. at. 

- Tichtcr and Jenny, llelv. Glim. Acia^ 1923, 6, 225. 

^ Serullas, A/ni. Chtm. Phi/s., 1828, 38, 322; Pogg. Aunalai, .1828, 14, 112; Xicklts, 
J. Pharm. Clif'in., 1862, [3], 41, 145; Cooke, Pror. Anicr. Acad. Arte Pci., 1877 13, 52; 
8e//\, 1880, 13, 951. 

^ I idcrnatiO'iiaL Cniical lab/es, 1926, i, 111. Sec atso Kopp, A'icnalcn., 1855, 95, .852; 
Macivor, Chan. Kacs, 1874, 29, 179; Anselmiz and Weyer, Annalui; 1891, 261, 297. 
For other physical properties, sec lAbal and Jahn, Wicd. Amtalai, lS8(i’ 27,’ 581, 
AVorccster, Proc. Acier. Acad. Arts Pa., 1883, [2J, 10, 61; Tolloe/ko, iLdl. \ \hnL 
Kjakau, 1901, 1; Garelli and Bassani, Alti P. Accad. Liticci, 1901, [5!, 10, I, 255- 
Schlundt, J. Phys. Chem., 1904, 8, 122; Botinjanz and Suehodski, ’ZalAh. 'ph'g.sPnd'. 
Chtrn., 1914, 87, 635; Tolloczko and 5Ie\'er, Chan. Ztnlr., 1910, ii, 1024; lsla4<(iv and 
Plotnikov, Zi-ifsch. anag. Ckom., 1911, 71, 328; Kurnakov, Krotkov and Olnsinan, J . 
Russ. PJryc. Chan. Poc., 1915, 47, 558; 49, 585. 

Biltz, Sapper and Wunnenberg, Ze.ilsch. anarg. Chan., 1932, 203, 277. 

Malone and Ferguson, J. Chan. PkyPic.^, 1934, 2, 94. 

^ Lov'jg, Repertorhun Jhr die Rharrnacie, 1828, 29, 266. 
s Tanblc, Compt. rend., 1901, 132, 204. 

^ Thomas, Corapt. rend., 1895, 120, 1116. 


Gnntz, CompA. real., 1885, loi, IGF 
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Com pounds of .inti/noni/ TriJrroviide , — A complex acid, 
lF>S}).5Hrii^, lias l)(‘cn jirc'parcd by the action of hydrochloric acid on the 
salt KoSh.jHr^i {sc(' Ix'low). It is also o])tained by the action of liydro- 
!)r()inic a(‘id on a solution of antiniony ti*i})romide in acetone. It forms 
\’{dIo\v crystals, ('oiaasspondino- to this acid numerous salts of the 
iilkali nu‘tals, tii(‘ alkaliiu' (sa.rt h mentals and cadmium have been pre- 
[)arc‘d tVom solutions of tlu' mixed bromides in acetone.'^ To these has 
b(‘(‘n ascrilx'd th(‘ <>-(ai(a‘a.l formula. iVIoS)).jHr where iM=K, Xa, Li, 
XH i(‘il h.O), a.iid Mo Ha(2lIo()), Lei. Many of these salts arc de- 
coinposc'd by water. From an exa.mi mition ot the electrolysis of their 
solutions - c\'i(l('nco has Ixasi o])ta.inc(l of the existence of the complex 
anion Sb.dhpj which subscapumt ly dissociates into 3SbBr3 and Bro. 
'Cic compounds K .Xb.jBr,,iX, K oSb.jBix,! o, SrSb.jBrjjCIo, and lIo-Shp^Briglo 
ha.\ (^ also Ixam obt aimal. 

Hv substituting' potassium nit.ra.t(', ])otassivnn thiocyanate or 
sodiuni a.'/idc foi* t h(‘ alka.li ha.lid(\ the com])ounds K2Sb3Brj)(X03)2, 
K..Sb.,Br5,{('NS)o and NaSb.jHiXjX.j ha.vu' beam obtained. The last is a 
whitea crystallin(‘ substamaa 

In a. similar manner llu^ ainmoniuni e-e>mpe)unel, (Xll4)2SI)Br5.2lIoO, 
is o})t aim'd in the form of lu'xa;.^-()na.l j)risms. 

A \-anadiuni compouiid, wSbBr.j. VBr.j.T H 2(1, has been obtained in the 
form of black, pointed prisms. It. is hy.<»re)SC'e)])ie* arid is decomposed 
b\’ w;\t('r. 

A comph'x Kold compound, r)R bBr.SbBr.^. 2 Au Ihsj, has been prepared. 
It is a. bku'k substance, solul)i(' in wate'r anel in hydre)bromic acid. It 
contains no uniNabmt o;old.*^ 

Complex alkyl compounds lui\(' been oblaine'd by l.rca.liuent ol 
antiniouN’ tribromide wit h mixtur('s ol'a.lkyl ha.lieh'S a.nd alkyl sulphides.^ 
d'l le y a p p( ‘a r to ha \' < * 1 1 le (‘ons 1 1 1 u 1 1 on j H .,S jS 1 ) 1 b’ ’ 

Antimony Oxybroinides. Two oxy bromide's ha.ve' be'e'ii elese'ribcel: 
(t nil ui o )} ! d ! > )'o }) u d <\ S b( ) I > I', o bt a 1 n ( *d b \' t he' a (‘ 1 1 o n e ) I 1 1 h I. a nd a n u j )0n 
a solutieui e)l' ant inie)ny t I'i bre)miele‘ in e'a.rbe)n elisulphide',^^ anel Sb./)~Br2, 
obtained e-ithe'r b\ li\ elre)lysis of a.nlime)ny t ri bre)mide',” ov by hcatin^^ 
te)i>cther autinie)uy t I'i breuniele' a.nd a.bse>Iute' ale'e)be)l in a. se'ale'el tube.^ 
Aiit iiuou) 1 broiuiele is a bre>wnish peAvelea' (I he' e*e)le)ur pe)ssibly be'inn- clue 
le) i mpiirif ie-s ) which on healin<>’ se'para.te's inle) I we) e)t.he'r subst aiux'S. 

( '01 1 1 i 1 1 u < 'd bealmc' eonxea’ls it entirely into a.ntimeiuy tiae)Xiele'. I he' 
eoni[)oun(l Sb,( ) \U\, ii\:w be* e)i)t ai iie'el in the (brm of nie)ne)e‘li nie* e'ry stats, 
or as a \siutc powder, \\hie*h ele*e‘e>mpe)se*s ein he*atiny, yie*ldino' antimony 
tri bromide and antimony lne)\iele‘. 

While- antimony te't rabroinide de)e*s not. ap])('ar to ha\'e! be'cn 
isolated, a ee)niph‘\ e'eiiupounel e)l this substance* w’lt.h ammonium 
hromide has been e)btaine*el by aelelinc- sue*e-essi \’e'ly bromine anel 
a I u 1 lie )i 1 1 u n 1 [)i'e)uueie te> ,'i s()lutie)n e>t anlime)ny t ri l)i omiele* m hyelio- 

> Vnuvu.x n, rralliJ.'O Atinunn, l!).an, 5, mSlh 7, 1 ^ 27 ; Climi. ZnUr., 


! n:;:’ 


. 1 , 1C. ir. 

\'(,iioi;i .. . Z'ii 'll. (’In ill. ^ lltan, I()a, xe’.l). 

lUlI'k, U .lllii sii.-irii' )\. ; ki, ihii/., iur.a, 185 , I I F 

1‘ ( I:.o, vdkii .iti .lii'l P.IV. ./. Imlion ('Inn/. Zor., I!):n,8, 27)1. 
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bromic acid.^ It forms black octalicdra of composition corresponding 
to (XIT4)2SbBre. The rubidium salt, RboSbBi’g, has also been obtained, 
in the form of black, pointed, hygroscopic prisms. It is decomposed 
by water. 2 

Antimony Pentabromide, SbBr^, has not yet been isolated ; its 
existence, however, is indicated by the action of antimony trihydride 
upon, an aqueous solution of a mixture of bromine and potassium 
bromide,'*^ wiiile molecular weight determinations on solutions in 
bromine by the boiling point method ^ also suggest the existence of 
this compound. Complex compounds with organic bases have been 
prepared,^ in addition to many complex inorganic salts ; these may 
perhaps be regarded as salts of bromoantimonic acids. 

Of the three jDOSsible acids only one has been obtained in the free 
state. By cr3'stallisation from a solution containing antimony tri- 
bromide, bromine and either h^xlrobromic or sulphuric acid the com- 
pound meia-hrovioantmionic acid, HSbBrg.3HoO, has been prepared in 
the form of h\^groscopic, irregular, six-sided, black tablets. It de- 
composes readihq with evolution of bromine, leaving a residue of 
antimony tribromide,® The following salts, corresponding to this acid, 
have also been prepared : 


LiSbBrg.tHgO 

KSbBrg.HoO 

NH^SbBrgJIoO 

Fe(SbBrg)3.14HoO 

Ni(SbBrg)2.12HoO 


Black, square, hA^groscopic tablets. 

Stout, six-sided, black tablets. 

Resembles the potassium salt. 

Black, irregular, six-sided tablets ; very hA'gro- 
scopic. 

Black, glistening, irregular, six-sided tablets. 


Other complex salts that have been described include : 

2SbBr5.3CsBr.2H2O Black, niicroerystallinc powder. 
3SbBr5.2BcBr2.18H20 Black, glistening prisms. 

5SbBr5.2AlBr3.24lT20 Black, glistening, stout prisms. 

Some of the organic compounds suggest rclatioiiship with pyro- 
bromoantimonie acid . 


Antimony and Iodine. 

Antimony Triiodide, Sbl^, is the only compound of antimony and 
iodine that is known to exist with certainty ; a j^entaiodide has been 
reported ^ but subsequent investigations jia\'c failed to confirm its 
existence,® 

Antimon\' triiodidc may be obtained hy s\uithcsis ; tlic combination 
of antimoin" with iodine is ctfccted hy triturating the two elements 

^ Epliraim and Weinberg, Bcr., 1909, 42 , 4447. 

- AVeinland and Beige, Bcr., 1903, 36 , 244. 

Berthelot and Petit, Corn])!, rnnl., .1889, 108, 046; Artn. Chiw. Bhys., 1889, [6], 
18, 67. 

Beckmann, Zafsch. pliij.sibaL Chf-ru., 1903, 46 , 803. 

•'* .Rosenbeim and 8 u'llma.nn, Jkr., 1901, 34 , ,3377. 

'Weinlaiid and t'eige, IZr., 190.3, 36 , 24-1. 

" x'aTi der Pspt, Arc.]/.. Ph/tnu.., 1S61, [2', 117 , 110. 

” OlacLvor, 1902, 86, 223; J. Chvh}. Aor., 1876, 29, .328; Rendle'ton, 

Clnini. Kr-v'y, J SS3, 48, 97; Doornbo.seli, JA-or. K. AhuL Wotensrh. Avistcrdari) , 1911, 14, 
620; Jaeger and Doornboseb, Zeil.^ch, anorg. Clititt., 1912, 75, 261; Quereigh, Alti li. 
Accad. Insi. Veneto Sci., 1912, 70, ii, 667. 
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together in a mortar ; the heat generated b\" the reaction is usually 
suiTicient to volatilise the triiodide produced, and the reaction may even 
become violently explosive if large quantities of materials are employed. 
The synthesis is more conveniently carried out by adding an excess of 
finely divided antimony gradually to iodine maintained at a gentle 
heat A Combination of the two elements has also been effected by 
triturating with alcohol,- and by adding finely divided antimony to a 
solution of iodine in carbon disulphide. In the latter method the 
mixture is warmed until the colour of the iodine disappears and the tri- 
iodide is obtained by crystallisation from the solution.^ 

The compound has also been obtained by heating together equivalent 
proportions of antimony trisulphide and iodine, some thioiodide also 
being formed,^ and by adding j^otassium iodide either to a solution of 
antimony trichloride in acetone,^ or to an aqueous solution in the 
presence of dilute sulphuric acidA 

Four modifications of antimony triiodide have been described. 
Three of these are crystalline and one amorphous. The crystalline 
forms belong to the trigonal, rhombic and monoclinic systems respec- 
tively. The trigonal form appears to be the most stable at ordinary 
temperatures, but the conditions of equilibrium of the system are not 
fully understood. Transition points occur at 114° and 12o° C., the 
former indicating an enantiomorphic change from trigonal form to the 
rhombic form, and the latter the transition from monoclinic to trigonal.’^ 
Cohen, however, states that antimony triiodide is monotropie and the 
transition point at 114° C. is purely fortuitous.® xAceording to this view 
the rhombic form, which is obtained by sublimation, is a metastablc 
phase which may exist unchanged for long periods even at low" 
temperatures. 

Trigonal antimony triiodide is obtained as reddish, hexagonal crystals 
whose colour varies with the method of ^preparation : 

a = 7-466 A., e = 20-802 A. 

There arc six molecules in the unit cell.® Its densit}' is 4-848 ; it melts at 
167° C., and boils betw'cen 414° and 427° C. It will dissolve in cold, 
concentrated hydrochloric acid ; the solution on hydrolysis yields an 
oxyiodide. If, how'ever, the solution in hydrochloric acid is boiled for 
a few^ seconds, the triiodide is converted into the trichloride and the 
solution on hydrolysis then yields an oxychloride. The triiodide is 
readily soluble in hydriodic acid, and from this solution a yellow oxy- 
iodidc is precipitated by hydrolysis. It is also soluble in boiling benzene, 

^ MacTvor, J. C/ier/i. Soc., 1876, 29 , 828; Chvjn. Noms, 1874, 29 , 255; Brandes, Arch. 
Pharr, i., 1838, [21, 14 , 135; 1839, [ 2 ], 17 , 2S3; 184-0, [2], 21 , 319; Serullas, J. Pharm. 
Ckwi., 1828, 14 , 19; Benhemot, ibid., 1828, 14 , 615. 

“ Perrier and Lebrument, Bull. Chim.. a'pph.cee, 1862, 4 , 254. 

^ Cooke, Proc. Anier. Acad. Arts Sci., 1877, 13 , 55, 77; Xickles, J. PPiarm. Chim., 
1862, [3], 41 , 147. 

^ Schneider, Pogg. Annalen, 1860, 109 , 610. 

Xanmann, Ber., 1904, 37 , 4333. Also Fisk, Am.e,r. Mineral., 1930, 15 , 263. 

FranQois, Compt. rend., 1933, 196 , 1398. 

‘ J'iitcrnat innril Critical Tables, 1926, i. 111; Cooke, J^roc. Anier. Acad,. Arts Pci., 
1878, 5 , 1, 72. 

“ Cohen and Bruins, Ze/f.sch. phi/sihal. Che),,.., 1920, 94 , 465. 

Braekken, Kgl. Xorske V idtaskab. Stlskabs. Torh., 1929, 1930, No. 34 , 123; Zcilsch. 
Krlst., 1930, 74j 67. 

Carnclley and Williams, J. Chern. Soc., 1878, 33 , 281; Cooke and Bennett, Chern. 
Neivs, 1881, 44 , 255. 
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in carbon disulphide, in methylene iodide, in an aqueous solution of 
tartaric acid, and in arsenic tribromide : the solution in the last solvent 
is, hovxver, unstable. With hexachlorethane it forms a dark brown 
solution which on cooling deposits first a lemon-yellow mass which 
ultimately changes to a red, crystalline substance. The triiodide is 
almost insoluble in chloroform, carbon tetrachloride and turpentine. ^ 
The dielectric constant “ of solid antimony triiodide at 20° C. is 0-1 ; 
that of the liquid at 175° C. is 13*9. The dipole moment (in organic 
solvents) ^ is 1 -58 x e.s.u. 

The variation of the vapour pressure of liquid antimony triiodidc 
with temperature is as follows : ^ 


Temperature, ° C. . 

I 250 

; 2G5 

280 1 

205 

310 

i 325 

Vapour ju’essurc (mm.) . 

: 

; 35 

53 

1 

i 80 

115 

106 


Trigonal antimony triiodide is stable in air at ordinary temperatures. 
It sublimes quite readily ; if the sublimation is carried out in the 
presence of air some decomposition occurs, iodine being liberated and 
some oxyiodidc formed. It can be sublimed without decomposition in 
an atmosphere of hydrogen or carbon dioxide. It burns when heated 
in an atmosphere of oxygen, antimony trioxide being formed. In 
common with the other halides of antimony it is readily hydroh’sed by 
water, \delding an insoluble, yellow oxyiodide ; ^ the reddish liquid 
which is also foi'ined is stated to be a solution of antimony tri iodide in 
hydriodic acid. 

The triiodidc reacts readily with chlojlnc with the foianation ol‘ 
antimony trichloride and iodine monochloride ; with bromine, antimony 
tribromide and iodine monobromide are similarly formed. By treat- 
ment with molten iodine inonochloridc the triiodidc is converted into 
antimony trichloride and free iodine. 

Cold, dilute sulphuric acid has very little action upon antimony 
triiodide, but if the acid is gently warmed a reaction takes ])lace which 
results in the liberation of iodine and the formatio]i of antimojiy sul])hn t(u 
With hydrogen sulphide a reaction occurs at 150° C. and antimony 
thioiodide is formed. 

Antimony triiodide is readily attacked })y concentrated nd.ric acid 
and is converted to antimony trioxidc ; free iodine and oxides of 
nitrogen are evolved. Dilute acid acts similarly, but more slowly. Bv 
reaction with ammonium hydroxide the triiodidc is convcilcd' into a. 
yellowish-white powder. Nitric oxide appears to have no action upon 
a mixture of the triiodidc and ch loro form, liut nitrogen tetroxidc' 
attacks a mixture of the triiodide and ether with the formation of the* 
compound 2 Sbo 05 .X 20 ^ 3 . The triiodide is completely converted into 
trioxide by the action of alkali hydroxides and carbonates. 

1 Macivor, J. Chcvi. Soc.^ 1876, 29, 328; Retocr?;, ZvjUcJ). frnorg. Chehi., 181)3, 3, 3)1; 
Zeitsch. phy.^ibil. Clip.m., 1893, ii, 340. 

“ International Critical Tables, 1929, 6, 79. 

^ Malone and Perauson, J. Chem. J^hy.Ccs, 1934, 2, 94. 

RoTinjariz anfl Sucliodsk], ZoitsrJi. physital. Chem , 1914, 87, Odo. I'ov ollu-f 
physical pro])erties, see AVorcestcr, Froc. Amer. Acad. Arts Ari., J88.3, {2j, 10, 01 ; Riliz, 
tapper and Ahinnenberg, Zeitsch. evnorg. Cfurn., 1932, 203, 277. 

^ Francois, Conipt. rend., 1933, 196, 1398. 

Thomas, Compt. rend., 1895, 120, 117. 
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Antimony triiodicle is partial!}^ soluble in both alcoliol and ether, 
but the chief effect of both reagents is to convert it into an oxyiodide. 

The molecular weight of antimony triiodide, determined by the 
elevation of the boiling point of various solvents, is abnormally low.^ 
The solvents employed were the trichlorides of phosphorus, arsenic and 
antimony, and tin tetrachloride. Cryoscopic measurements using 
solutions in methylene iodide also 3 delded a low result.^ This may be 
due to the formation of chemical compounds between the solvents and 
the solute, or to ionisation of the latter. It is interesting to note that a 
solution of antimony triiodide in arsenic triiodide has an appreciable 
conductivity, suggesting that ionisation has taken place. ^ 

The heat of formation of trigonal antimony triiodide ^ is 44,205 
gram- calories. 

When trigonal antimony triiodide is sublimed at a temperature of 
114^^' C. or above, it is converted into the rhombic variety, which is 
obtained as small, greenish-yellow lamellm, isomorphous with the 
corresponding trichloride and tribromide. 

When a solution of the trigonal modification in carbon disul])hidc 
is exposed to bright sunlight for several hours, monoclinic antimony 
triiodide is obtained. Some oxyiodide and free iodine are formed at 
the same time. The monoclinic modification forms greenish-yellow, 
jirismatic crystals : 

a:b :c = 1-6408 : 1 : 0-6682 ; /3 = 109° 44'. 

Its density is 4-768. When heated to 125° C. it reverts to the 

trigonal modification. 

Amorphous antimony triiodide ^ is obtained by cooling a hot con- 
centrated solution of the trigonal modification in glycerol. It may 
also be prepared by warming the trigonal modification with a small 
quantity of potassium acetate and excess of acetic acid : or by heating 
a mixture of antimony tri oxide and potassium iodide with excess of 
acetic acid at 100 ° C. It is a yellow powder w4iich melts at 172° C. 

Double compounds of antimony triiodide and ammonium iodide 
have been prepared.^ The compounds 3 NII 4 I. 4 SbI 3 . 9 H 2 O (bright 
red, rectangular prisms), 3 XH 4 I. 2 SbI 3 . 3 HoO (thin rectangular or 
tetragonal leaves or plates of a dark reddish-brown or red colour),’^ 
4 NH 4 I.SbI 3 . 3 H 2 O (large, black, rectangular prisms), arc formed by 
crystallisaUion from a mixed aqueous solution of tlie two iodides : in 
addition, the compound NH 4 I.SbI 3 . 2 H 2 O (red, tetragonal prisms) is 
obtained by the action of iodine on a saturated solution of ammonium 
(‘hloride in contact with metallic antimony.® 

Antimony triiodidc also forms double salts with iodides of the alkali 
metals, the alkaline earth metals, and aluminium. They arc usually 
prepared by dissolving the triiodidc in a solution of the second iodide 
and crystallising out from the mixture,-^ or by the action of antimony 

^ Beckmann, /jciisch.. anorg. Chtrn., 190G, 5 I 5 96. 

- Garclli and Bassani, Gazzdl.d, .1001, [1], 31, 407. 

^ Walden, ZcAt.scJi. mmrg. CIlpjh., 1902, 29 , 371. 

JriiertuUional Crifir.al Tablc,^, 1929, 5 , ISO. 

^ Vournazos, Compt. rend., 191 S, 166 , 626. 

® Sehaft’er, lZ)gg. AnnaJen, 1860, 109 , 613. 

' Caven, Proc. Che.m. Sac., lOO.l, 21 , 187. 

^ Nickles, Compt. rend., 1860, 5^5 1007. 

^ ScUafTer, Pogg. Aimalen, 1860, 109 , 610; Wclkow, Ber., 1874, 7 , 804. 

VOL. VI. : V. 6 
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upon a solution of iodine in alcohol in the presence of the second iodide.^ 
For example, the compound Sbl^YKI.HoO has been obtained by tlie 
former method.- They are obtained as rcddish-blach, transparent 
cr3’'stals, which are decomposed by heat, b\" water and by concentrated 
sulphuric, acid ; they will dissolve in Iwdrocliloric and acetic acids. 

Salts of a complex antimony iodohydrobromic acid, HSbBiT.^, have 
been obtained ^ b\^ triturating cquimolecular proportions of antimoii}" 
triiodide and metallic bromide with a non-aqiieous substance such as 
acetic acid or xylene. In this way orangewmllow crystals of sodium 
antimoniodobromide, NaSbBrIg, and potassium antimoniodobromide, 
KSbBiT^, have been obtained. The corresponding salts of ammonium 
and lithium, NH 4 SbBrl 3 and LiSbBrl.^, are darker in colour, while the 
zinc salt, Zn(SbBrl 3 )o, is obtained as brown, tabular crystals which arc 
only slowly decomposed by water. The free acid has not been isolated. 

Complex compounds of the type RoS.Sbl 4 (where R represents an 
alkyl radical) have been obtained by the interaction of alkyl iodides, 
alkyl sulphides and antimon\^ iodide. They are rather unstable ; the\^ 
dissolve in acetone, giving coloured solutions. Conductivit}’ experi- 
ments suggest the presence in their solutions of complex ions, which, 
however, readily undergo dissociation.^ 

The following binary s\"stems have been examined by tliermal 
anah’sis : antimon\" triiodide-phosphorus triiodide, ^ antimoip" tri- 
iodide-arsenic triiodide, ^ antimony triiodide-arsenic tribromide, anti- 
mon\?- triiodidc-antimony trichloride,^ antimony triiodide-antimony 
pcntachloride.^ 

Antimony Oxyiodide, or Antimonyl Iodide, SbOI, is obtained when 
a solution of antimony triiodide in carbon disulphide is exposed to 
bright sunlight in the presence of air. Xo action takes place in the 
dark unless ozone is present. It is an amorphous \mllow powder, wliich 
decomposes at 150° C., at which temperature antimom' triiodide 
sublimes ; sublimation ceases at 200° C., the residue, another oxyiodide, 
Sb 405 l 2 , remaining stable up to 350° C.’-^ The oxAuodide Sb 405[2 is 
also obtained when a solution of antimon}’' triiodide in hydriodic acid 
is poured into boiling water. It is a }mllow powder which dissolves 
slowly in tartaric acid. It is decomposed when heated to a red heat, 
antimony triiodide being removed by sublimation, leaving a residue ot 
antimoiw trioxide. If a solution of potassium iodide is added to a Amry 
dilute solution of antimon}^ trichloiide in Avater containing a little 
sulphuric acid, a bright red precipitate of antimony triiodide is obtained. 
If insufticient sulphuric acid is present, howcAmr, an orange precipitate 
of 2 Sbo 03 .Sbl 3 is obtained hy hydrolysis. 

^ Xickles, loc. cU. - Francois, Compt. rc.iid., lOlU), 200, 893. 

^ Vournazos, Compt. revel., 1922, 174, 1G4. 

'I T. C. Ray, Adhikari and A. X. Ray, J. Indian Chrm. Soc., 1931, 8, 251. 

^ Jaeger and Doornbosch, Zeitsch. anorg. Chem., 1912, 75, 2(31. 

^ Jaeger and Doornbosch, he. cil.; Quercigdi, Atti H. Accad. Llncei. 1012, 21 I, 415; 
5 asilief, J. Muss. Plugs. Chem. Sac., 191(1 44, JOTG. 

‘ Wkilden, Re. nt. 

s Rernardis, Aiti R. Accad. Lined, 1912, [5], 21 II. 4.38. 

Rcckinann, Zril.scli.. anorg. Chem., 1907, 55, 175; Moles, Zdlnh. phgsibd. Clam., 
1915, 90. 70. . oo . I .J 

(.'ooke, Free. Arncr. Acad. Arts Sci., 1S77, 13, 03, 105. 

Macivor, Chem. Mews, 1874, 29, 179. 

Sec also Serullas, Ann. Chini. Rhys., 1828, [21, 38, 322; BOttger and Brandos, Arch. 
Pharm., 1839, [2], 17, 283. " ' ' J,, 
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The product obtained by the action of water upon antimony tri- 
iodidc is of variable composition depending upon the temperature and 
concentration^ There is some indication that a complex acid, 
H2(SbOl3), is formed, the mercuric and cupric salts of this acid having 
been obtained. Mercuric antimony oxyiodide, HgSbOI.^, is prepared by 
warming a mixture of equimolecular proportions of mercuric cyanide 
and antimony triiodide in moist amyl alcohol upon a water-bath for 
four or six hours. It melts at 78 '^ C. and is decomposed by concentrated 
acids and by alkalis. It can, however, be rccrystalliscd from solution 
in cold, dilute, hydrochloric acid. Cupric antimony oxyiodide, CuSbOIg, 
is obtained by a similar reaction between cupric acetate and antimony 
triiodide.- 

Another complex acid, [Sb(IOg)3(OIT)3]H, is stated to have been 
obtained by the action of antimony pentachloride upon an excess of 
iodic acid.^ 

Antimony Thioiodide, SbSI, is obtained b}^ the action of antimony 
trisulphide on antimony triiodide,^ by the action of iodine upon anti- 
mony trisulphide, ^ or by the action of hydrogen sulphide upon antimony 
triiodide heated to loO*^ C.® It crystallises in small, dark red, lustrous, 
needle-shaped crystals of a form similar to those of kermesite. It melts 
at 392 ° C. and above this temperature decomposes forming a mixture of 
trisulphidc and triiodidc. It is not decomposed by hot or cold water, 
or by dilute acids. Hydrogen sulphide is set free by the action of 
concentrated hydrochloric acid ; sulphur and iodine by the action of 
concentrated nitric acid. Alkali hydroxides and carbonates remove 
iodine, leaving a residue of thioantimonites. 

Several antimony iodocyanides have been obtained.'^ By heating 
mercuric cyanide and antimony triiodide in dry xylene, mercuric 
antimony iodocyanidc, Hg[Sbl3(CX)2], is obtained. Further heating 
results in the formation of tri mercuric antimony iodocyanidc, 
IIg3[Sb2l(5(CN)(>] : while the corresponding cuprous compound, 
CU(.[Sb2l6(CX)(; I, is obtained in a similar manner. 

Mixed Halides. — Several compounds which may be described as 
mixed halides have already been mentioned. Others have been pre- 
pared by various methods. The halides of the elements phosphorus, 
arsenic, antimony, titanium, tin and perhaps germanium, when mixed 
together, readily undergo reactions wdiich involve an interchange ot 
halogen atoms. The mixed halides so formed, however, have not been 
isolated.® 

Antimony TriJLiwrodicJiloride, SbFgClo, may be ]:)rcparcd by the 
action of chlorine upon antimony trifluoridc ^ at a temperature above 
70 ° C. The antimony trifluoridc should be dissolved in antimony 
trichloride, pcntachloitdc or tribromidc. It treated with bromine or 

^ Scrullas, Loc. cit.; BcrllR'tnot, J. Phnrm. Chi in., .1828, [2], 14, 615; Botiger and 
Brandos, loc. cit. 

~ Voiirnazos, C<>iirj)l. rf f/h., 170, 1256. 

" \\ Bay and S. X. Bay, -/. Jndtitn- Chrn>. Nor., .1626, 3, 116. 

' Sclinoidcr, rogg. Annah-n, ISfJO, iio, 150. 

'' OuvrarO, Corn/pi. rend., 1S1)3, 117, 108; Solinoidcr, Pogg. Ann<thn, 1860, 109, 010. 

'' Bi'anoois, Cdr/npl. rend., 10.‘M, 198, 100-1; ()uvi-arfl, loc. cd.. 

' \V)iirnazo3, loc. at. 

^ Racdcr, Kgl. Norshe Vldaishib. Schhahs. Pferifter, 1920, No. 3, 1. 

^ Henne, British Patenii, 1933, 389619; United States Patent, 1934:, 19844.80. 
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iodine, the corresponding compounds ^ antimony trifluorodihromide, 
SbF.Bro, and antimony irifiuorodii^^^ SbF3l2, are formed. 

Antinionij BromodiiodMe, SbBrIo, is formed by adding a solution of 
bromine in chloroform to a solution of ethyldiiodostibine in chloroform. 
It is obtained as long yellow crystals - melting at 88° C. 

By the interactio^ri of mercuric bromide with antimony triiodidc 
(preferably in the presence of a suitable organic solvent),^ the complex 
compound antimony mercuribromoiodide, Sbl3.6HgBr2, has been 
obtained. 

Antimony and Oxygen. 

Three oxides of antimony are known M'ith certainty, namely anti- 
mony trioxide, 8)3203, antimony tetroxide, Sb204, and antimony 
pentoxide, SboO^ ; a complex oxide, Sb60i3, may also exist. ^ It is 
probable that some of the confusion which existed among earlier 
workers in connection with certain of the oxides of antimony may have 
been due to the extreme slowness with which equilibrium is obtained 
between antimony pentoxide and its decomposition products.^ Three 
of the oxides resemble one another very closely in crystal structure, one 
modification of each of them possessing a cubic lattice of the diamond 
type. The oxide Sb^O^g may have a tetragonal lattice.® 

Lower oxides of antimony have been described by early writers, but 
the evidence for the existence of these does not appear to have been 
confirmed.’^ 

Antimony Trioxide, SboOg. — This substance was known in ancient 
times ; it is probably referred to by Pliny under the name of stibia, 
femina, and b}' Basil Valentine under the nsime fl ores Antimonii. The 
latter name was subsequently applied to the product derived from the 
roasting of antimony sulphide. Antimony trioxide occurs naturally in 
the minerals senarmontite and valentinite, and in certain other more 
complex minerals (see p. 9). 

The trioxide may be prepared by the direct oxidation of antimony, 
by heating in air or in water vapour ; ® by the action of concenti'ated 
nitric acid, in which case a mixture of oxides is obtained ; or by fusion 
with potassium nitrate and potassium bisulphatc.^® The higher oxides 
of antimony may be reduced to the trioxide by the action of sul])hur 
dioxide or hydriodic acid.^- 

When antimony trisulphide is roasted, a mixture oi‘ oxides of 
antimony is obtained, from which the trioxidc (‘an be separated by 

^ Frigidaire Co., French Patent, 1932, 732320. 

- Clark, J. Cliern. Soc., 1930, 133 , 2737. 

^ Voiirnazos, J . pralct. Chern., 1933, 136 , 41. 

Simon and Thaler, Zeitscli. anorf/. Chem., 1927, 162 , 2.73. 

^ Simon and Thaler, loc. cit. 

^ Dehlinger and Glocker, Zcitsch. anorrj. Chem., 1927, 165 , 41; Simon, Zcilsch. anorg. 
Cheni., 1927, 165 , 31; Dehlinger, Zcitsch. Krist., 1927, 66 , lOS; Eozorlh, J. Amcr. 
Chem. tScjc., 1923, 45 , 1621 ; Dehlinger, Zcitsch. physikal. Chem., 1929, B. 6 , 127. 

" Berzelius, Schweiggers J., 1812, 6 , 144; 1818, 22 , 69; Jones, J. Chem. For., 1876, 
29 , 642; Marchand, J. prald. Chem., 1847, 34 , 381 ; Bottger, ihul., 1S76, 68 , 372; Ih-ousl, 
Gil herns AnnaJev, 1807, 25 , 186. 

Baker and Dixon, Proc. Pay. Scjc., 1888, 45 , 1; Regnault, Atin. Chim. Phys., 183(5, 
[2], 62 , 362; Debray, Compt. rend., 1864, 58 , 1209. 

Brandos, Arch. Pharr, i., 1840, [2], 21 , 176; Prenss, Annatem, 1 839, 31 , 197; P()s(', 

AnnaJen, 1841, 53 , 101; Berzelius, Schireiyger's J., 1812, 6 , 144; 1818 , 22 , ( 59 . 

Breuss, Joe. cit. 

von Knorre, Zcitsch. angew. Chem., 1888, i, 175. 

Bunsen, xinnalen, 1858, 106 , 1 . 
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fusioii Avitli more antimony trisulphide. ^ The trioxide may also be 
obtained trom the trisiilphide by treatment with eoncentrated sul])hiiric 
aeid, i olio wed by the addition ot an alkali earbonatc to the solution 
obtained.- 

Many antimony eompounds may be deeomposed by suitable reagents, 
yielding antimony trioxidc. Thus, antimonyl ehloride is eompletely 
eonvcrted to the trioxidc by treatment with water at 150° C. ; ^ anti- 
mony salts are decomposed^ by alkali hydroxides and carbonates, and 
potassium antimonyl tartrate is decomposed by the action of salts of 
weak acids such as borates, acetates, thiosulphates, phosphates, sulphites, 
cte.,^ trioxide being formed in each case. 

Technical antimony trioxide, as used in the manufacture of paints, 
is frequently obtained direct from antimony ores or concentrates.^ 

Antimony trioxide is dimorphous, the two modifications crystallising 
in the cubic and rhombic systems respectively. Both modifications 
occur naturally, the cubic as scnarmontite and the rhombic as valentin- 
ite ; both can also be produced artificially, the cubic by sublimation and 
the rhombic by the hydrolysis of solutions of antimony trichloride.® 
Although both modifications can exist unchanged for long periods at the 
ordinary temperature, the cubic modification is the stable form, the 
rhombic form being stable at higher temperatures. In support of this 
\'icw, it is found that a specimen of antimony trioxide after prolonged 
heating at 550° C. yields cubic crystals only ; after similar treatment at 
500° C. rhombic crystals only are obtained. Rhombic crystals separate 
from the melt on crystallisation, but these are completely converted 
to cubic crystals by prolonged heating at 550° C. At a temperature 
oi‘ about 570° C. both cubic and rhombic crystals are in equilibrium 
under tlie pressure of their own vapour. The transition temperature 
is therefore at approximately 570° C., the cubic modification being 
stable below this temperature and the rhombic above.’ Further 
su])])ort i‘or this view is afforded by an examination of the vapour 
pressure curves of the two modifications (fig. 2);^ the computed 
transition ])oint, however, appears to be slightly lower than the value 
re(‘ord(‘(l above. 

(hil)ic antimony trioxide (scnarmontite) contains eight molecules of 
Sb.iO (3 in the unit cell 

a = 11-14 A. 

Its density determined by pyknometer is 5-19, by X-rays, 5*49. Its 
hardness on Mohs’ scale is 2-6 to 2-5. The specific heat is 0-098 gram- 

^ .B(‘r/A'liu.s, loc. clL; Skakhov and Slobodska, Tzvet. Met., 1930, 1294; CJiimie et 
Industrie, 1931, 25, 1120. 

“ lIornuriLS d . rharui. Chrru., 1848, [3], 13, 355; Lindner, Zcitsch. Cheni., 1869, 5, 442; 
lUdl. ldt)C.. diini., 1809, [I J, 12, 455; Durand, J. Pharm. Chim., 1842, [3], 2, 364. 

De.brav, Compi. rend., 1864, 58, 1209; J. pralct. Chern., 1866, 98, 151. 

Lon", J. Ainer. Cht/n.. Soc., 1895, 17, 87. 

^ Listrat, U.S. Pultid, 1932, 1873774; Anlimon Berg- und Huttenwerke A.-G., 
PrencJi Aaterd, 1930, 706371; Deutsche Sclimelz- und Kaffinierwerke A.-G. and H. AVt 
Gi-nnni, Jdltish Patent, 1930, 34S138; Prench Pa, tent, 1930, 696448. 

*' 9\'rrcil, Anit. Chuit. Pkys., 1866, [4], "j, 350; Pasteur, tbid., 1848, [3], 24, 442; 1850, 
[3J, 28, 50; 1851, [3|, 31, 67; Mitscherlich, J. pralct. Clma., 1840, 19, 455; Rose, Pogg. 
Ann.uten, 1832, 26, 180; von Bonsdorff and Mitscherlich, ibid., 1828, 15, 453. 

' Roberts and Pernvick, J. jinitr. Che'iri. Soc., 1928, 50, 2134. 

» llinckc, ‘d)id., 1930, 52, 3869. ® Dehlinger, Zetbsch. Krid., 1927, 66, 108. 

Simon, Ztltsch. anorg. Cham., 1927, 165, 31. 

I n,kr national Criiical Tables, 1929, 5, 95. Sec also Neumann, Ann. Physik, 1865, 
126, 123; Regnault, Ann Chim. Phys., 1841, i, 129. 
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calories per gram. The melting point is approximately 650° C., and 
the calculated jnolar latent heat of fusion (assuming the molecule to 



be IS 29,490 gram-calories. The vapour pressure (in millimetres^ 

below the melting point is given by ^ 

loo p = 12-195 

O rr\ 


The dielectric constant 2 is 12-8, and is not affected bv liio-h field 
strengths.^ ^ 

^ Hincke, loc, cit. 

~ Gimther-Schiilze and Keller, Zeitsch. Phyalh, 1932 7c; 73 
Guntlier-Schiilze and Betz, ibid., 1931 , 71, 106 . 
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VAPOUR PRESSURE OF ANTIMONY TRIOXIDE. 


TeinpcralurOy ('. 


Pressure 
(jiim. Mercury). 


ModiHeatioji of Sb.O.^. 


450 

0010 

Rhombic (metastable) 

450 

0*0075 

Cubic (stable) 

475 

0*0224 

. , 

500 

0*0625 

J 5 

550 

0*406 

; 5 

557 

0-525 

Cubic and rhombic (stable) 

ij75 

! 0-908 

Rhombic (stable) 

GOO 

2-42 


025 

3-91 

1 

G42 

7*43 

Cubic (metastable) 

G50 

7*60 

Rhombic (stable) 

G55 

8*50 


675 

10*42 

Liquid 

700 

13*32 


750 

20*78 

1 ? - 

1456 

760 

? ? 


lihonibic antimony trioxicicy in the form of the mineral valentinitc, 
lia.s ‘the crystallographic axial ratios ^ 

a:h: c=0-;391() : 1 : ()-;3;3Cf 


T'lie density of the synthetic form at 27- C. is 5-00; that of the 
iniiicral is o-57. The Iiardncss of the mineral on Mohs’ scale is 2*5 to 
‘ 3 - 0 . The molar licat capacity of the pre])ared form at low temperature's 
( n.ssrimiiig tiie molecadc to be Sb^O;/) is as follows : 


r<* rn j rature, ‘■'C. . 
do! a,r lieal capacity 
( I 111 -calories) . 


-213-2 

-198-3 

-182-4 - 164-3 

> 120-7 - 92-6 

-49-31 -20-1 

6-893 

9-114 

10 97 13-11 

i 

16-97 19-05 

22-54 i 22-59 

1 


2:757 24-49 


Tlici c'alculatcd molar latent iicat of fusion^ is 13,250 gram-calorics. 
va]:)our pressure (in millimetres) is given by 

^ 9,(725 

log 11*318 ~— 


:i 11(1 the molar heat of vaporisation is 22,040 gram-caloi'ics. The molar 
h(‘n,t ol.‘ transition from the cubic to the rhombic modiJication is 1,(>20 
o- rn, in-ca.lorics.'^ 

^ l^aspc^yres, Z/titHcIi. Krysl.y 1884, 9 , IG2; Jlrezina, Ami. Musomi W itn, 1880, l, J4-); 
<, n*oth, ./5y/y. AimdU-ii, .1 8(.)9, 137 ? 429. 

- Anderson, J . Arndr. Cham. Sac., PtlO, 52 , 27 J 2. ^ Hincke, luc. cit. 

'* Sec also Roberts and. Pcmvick, J. M 7 /?. 6 r. Cham. Soc., 1928, 50 , 2140. 

i-^or otlier pliysical properties, sec Sclmhmann, J. Ai/iar. Cham. Aoc., 1924, 46 , 52; 
( ; ri ppaenberg, ibid., 1911, 33 , 1761; Jaeger, Zaltsch. KryA. Min., 1907, 44 , 95; llillz, 
dAr.i t .sell. yliyCidml. Chain., 1896, 19 , 1385; Jlittc and Met/aier, Convpt. rend., 1892, 115 , 9:16; 
ICicloal, Jiar., 1886, 19 , 589; Guntz, Coimpt. rend., 1886, 98 , 589; Hensgen, JCx. Trnr. 
f/ii 7 /m, 1885, 4 , 401; Gros,se-Pohlc, Zcitsch. KryA., 1881, 5, 222; Meyer and Mensehiiig, 
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Antiraoiu^ trioxide, when heated in air, undergoes no change at 
temperatures below 860 ° C. Above that temperature it absorbs oxygen ^ 
and is converted into the tetroxidc. At a higher temperature the 
tetroxide dissociates into trioxide and oxygen ; the dissociation begins 
at about 900 ° C. and is complete at 1 , 030 ° C. 

Ajitimony trioxide is almost insoluble in both hot and cold water, 
and also in dilute nitric and sulphuric acids ; it will dissolve in dilute 
hydrochloric acid.- It is oxidised by concentrated nitric acid, a mixture 
of oxides being formed in which antimony pentoxide predominates.^ 
With concentrated sulphuric acid, antimony sulphate is formed.^ The 
trioxide is soluble in alkaline solutions, forming antimonites ; ^ it is 
also soluble in tartaric acid,^^ in lactic acid,^ and in certain other organic 
compounds,^ The statement that antimony trioxide is oxidised when 
boiled with aqueous alcohol ^ has been contradicted.^^ 

At a red heat antimony trioxide is reduced by hydrogen ; reduction 
also occurs on treatment with hydrogen under the inlluenec of the silent 
electric discharge. Hydrogen peroxide is without action. 

A complex reaction occurs when the oxide is heated with chlorine, 
antimony tri- and penta-chlorides being formed in addition to antimony 
tetroxide. The last is decomposed on further treatment with chlorine. 

When antimony trioxide is melted with a little sulphur, a mixture 
of antimony trisulphide and antimony trioxide, known as ‘‘ antimony 
glass,’’ is obtained ; with excess of sulphur, antimony trisulphide and 
sulphur dioxide are formed. A reaction also occurs between antimony 
trioxide and antimony trisulphide resulting in the formation of metallic 
antimony. Thermal investigation of the system Sb203-Sb2S3 
indicates the formation of a compound SboOjj.oSboS.j or 864085 (fig. 4 ).^^ 
When a current of hydrogen sulphide is passed over the trioxide a yellow 
coloration is produced in the cold ; when heated an oxysulphide is 
obtained. With ammonium sulphide the trioxide reacts with the 
formation first of an orange-coloured oxysulphide which passes ulti- 
mately into the trisulphidc. With sulphur monochloride, antimony 
trichloride is obtained : 

6S2CI2 +286203 = 4 SbCl 3 -f-dbOo +08 


Ber., 1879, 12, 1282; Groth, Pogg. Annalc/i, 1869, 137, 426; Fizeaii, A^m. Chim. 
Phys., 1866, [4], 8, 360; Playfair and Joule, J, Chem, Soc., 1846, 3, 83; Pegnault, A'/'ui. 
Chivi. Phys., 1836, [2], 62, 362; Ivarstcn, SchceiggeB s J., 1832, 65, 394; Boullav, An)i. 
Chiin. Phys., 1830, [2], 43, 266. 

1 Carnellcy and IValker, J. Chem. Soc., 1888, 53, 86; Shakhov and .Sloijodska, loc. clt. 
- Tcrreil, Ann. Chirn. Phys., 1866, [4J, 7, 380. 

Poligot, Cornpi. rend., i846, 23, 709. ^ Scliultz-Sellack, Bcr., 1871, 4, 13. 

^ Mitsclierlich, J. prakt. Chevi., 1840, 19, 4.56; Cormimboouf, Co7n.pL. rand., 1892, 115, 
1306. Schulze, J. prakt. Chem., 1883, [2], 27, 322. 

" Kretschmar, Che?/!. Zeit., 1888, 943; M'aitc, Ttchn. Jahresber., 1887, 1161. 

® Vogel, Ber., 1885, 18, 38; Henderson and Prentice, J. Chem. Boc., 1895, 67, 1030; 
1902, 81, 658; Posenheim and Bierbrauer, Zeitsch. a/iorg. Chem.., 1899, 20, 281; Jordis, 
Z.c/isch. angew. Chem., 1902, 15, 906; Kohler, Dingl. poly. J., 1885, 258, 520. 

® Tingle, J . Arner. Chem. Boc., 1911, 33, 1762. 

Edgerton, ibid., 1913, 35, 1769. 

Miyamoto, J. Chem. Soc. Japan, 1932, 53, 788. 

Weber, Pogg. Annalen, 1861, 112, 625; Willgerodt, J. prakt. Chem., 1885, 31, 539. 
Sehoellcr, J. Boo. Chem. Pnd., 1914, 33, 169; 1915, 34, 6; sec also Milbauer, Chem. 
Zeit.. 1916, 40, 108. 

I nteniaiional Critical Tables, 1928, 4, 46; Quercigb, Atti R. Accacl. Llncei, 1912, 
21 I, 415. 15 Schumann, An/iale?!, 1877, 187, 312. 

1® Oddo and Serra, Gazzeita, 1899, 29, II, 355; Prinz, Annalen, 1884, 223, 356. 
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Pliospliorus trichloride is decomposed by antimony trioxide with 
tlic lormation of red phosphorusM The oxide dissolves slightly in 
phos])horic acid, some phos]:)hate being formed. 

The trioxide is reduced when heated with carbon and certain carbon 
compounds such as carbon monoxide, potassium cyanide, sodium 
ioianatc, etc.- From an examination of the equilibrium conditions of 
the reduction by carbon monoxide, according to the equation 

Sb203 +3CO ^ 2Sb -rSCOo 

between 502° and 596° C. the ehange in free energy ^ is given by 
A F = - 33,461 -f 34'286T log T ~ O-OlllOT^ + O-OOOOOOOST^ - 88-65T 

Reduetion of the trioxide is complete at 500° CP 

Antimony trioxide reacts also with silicon tetrachloride ^ forming 
antimony trichloride and silicon ; and with silicochloroform ® in the 
presence of sodium hydroxide, in which ease metallic antimony and 
hydrated silica arc obtained. It luay be reduced to metal by the action 
ol‘ boron nitride.' 

The more active metals such as potassium, magnesium and alu- 
minium act as reducing agents ; fusion with alkali nitrates results in the 
lormation ot antimonates. When fused with caustic soda and sulphur 
a mixture ot antirnonatc and thioantimonate is formed,® but fusion 
witli sodium hydroxide and arsenic leads to reduction to the metal. ^ 

Tlie heat of formation of cubic antimony trioxide is 149,690 ± 200 
gram-calories per mole. 

Hydrated Antimony Trioxide has not been obtained by direct 
methods, but three substances, obtained by indirect methods, have been 
desen’ibed as ortho-, pjjro- and meta-antimonioiis acids, respectivehq 
witli the ibrmuhe ll^SbO-j, 11^^813005 and HSbOo. The first, which may 
also be regarded as antimony hydroxide, is obtained by the action of 
cliluLc sul])hurjc acid on a double tartrate of antimony and barium. 
The substance, formerly known as pyro-antimonious acid, which is 
olitahicd when antimony trisulphide is heated with a solution of 
potassium hydroxide, and copper sulphate then added to the mixture, 
was subsequently shown to be ortho-antimonic acid, H 3 Sb 04 . The 
siibsiance described as meta-antimonious acid, HSbOo, is obtained by 
llu‘ dc(a)m])ositioii of a double tartrate of potassium and antimony, 
using an alkali (*arbonate, phosphate or acetate. 

There is, howc^ver, no conclusive evidence for the existence of these 
hydrated forms of antimony trioxidc. No evidence for the existence 

^ Micluielis, J. 'fiTdld, 1871, [2], 4, 449; Bull, Boc. chim., 1872, [IJ, 17, 205. 

~ XdissL'i!, Bull. Acdfl. Toy. Bchf., 1887, [3], 13, 258, 

\\5itanab(', Jyull. Inst. Phy.'^. Cheni. Baiearchy Tokyo, 1929, 8, 973. 

\V ataiiabc, Sci. Jirp. J/up. Ln.iv. Tohokii, 1933, 22, 407. 

^ Jtaiiicr, An.nalon, 1892, 270, 251. 

l\,u(l and Albert, Jkr., 1905, 38, 2234. 

‘ Moser and Fidinann., Bcr., 1902, 35, 535. 

« Mitselieilieli, J. prald. Ckcm., 1840, 19, 455. Sec also Factor, Pharm. Post, 1905, 
38, 527; Ib-ctt, Plill. 1837, [3J, 10, 97. 

Kirsebom, Pronch Patent, 1930, 694283. 

Fvoberts and Fenwick, loc. cit. See also Mixter, Amer. J. Sci., 1909, [4], 28, 103. 

“ (darke and Stallo, Per., 1880, 13, 1787; Giintz, Compt. rend., 1886, 102, 1472; 
Carnelley and Walker, J. Cheru. Soc,, 1888, 53, 60. 

Schailner, Anualtih, 1844, 51, 182. 

Serono, Gazzetta, 1894, 24, II, 274. 

Long, J. Amer. Chtm. Boc., 1895, 17, 87. 
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of definite Jiydratcs has been obtained from dehydration curves,'^ and it 
seems probable that the various substances described^ are c-olloldal 
jnodiiieations of hydrated antimony trioxidc differino- in iimaiess oj 
di vision. “ 

Antimonites. — Antimony trioxidc is amphoteric, i(,s basic*, pro- 
perties being the more highly developed. Most antimony salts derh ed 
from this oxide are, however, hydrolysed by cold water, the exc*eptious 
being the trifluoride and some salts of organic acids. Its acidic. ])ro- 
perties are shown by the formation of antimonites by the acdioji ol 
solutions of alkali and possibly of alkaline earth hydroxides. These are 
mainly meta-antimonites, derived from the hypothetical acid IlSbOo ; 
but other more complex substances have been obtained. 

Sodium meta-antimojiite, XaSbOo, may' be taken as typical. It is 
obtained by fusing together antimony trioxide and excess of sodium 
carbonate ; ^ a trihydratc has also been obtained.^ It is oxidised I>y 
fusion with caustic soda in contact with air, by hydrogen peroxide, and 
by the halogens.^ By treatment with hydrogen sulphide a thioanti- 
monite is formed; ® and with sodium thiosulphate a mixture of sodium 
pyroantimonate and thioantimonate is formed, the thiosul])hate being 
reduced to sulphiteA In solution the sodium salt reacts with solutions 
of many metallic salts. With copper salts it yields a precipitate, prob- 
ably of copper antimonite, soluble in nitric acid.^ With an ammoniacal 
solution of barium chloride, with solutions of mercurous salts, merc.uri(* 
chloride and lead and ferric salts precipitates are formed in (iac.ii cas(‘, 
while with ferric salts a reddish solution is ultimately ibrmed. With 
silver nitrate a complex reaction occurs ydclding a black ])re(‘ipitat.(y 
which is a mixture of silver oxide, silver and antimony ; whih* with 
gold chloride a black precipitate is obtained which is possibly gold 
antimonite. 

A solution of sodium antimonite is reduced by stannous clilorich*, a, ml 
is oxidised by potassium permanganate, potassium dichroma, l.c: or 
potassium ferricyanide. 

Other, and in many cases more complex, antimoTiites tluit \uivc bc‘(‘n 
formed include the sodium salt NaSb305, which is obtained by t.ln* 
prolonged boiling of a mixture of excess of antimony trioxidc^ a, ml a, 
solution of sodium h3^droxide,i^ and the salt XaoSBjOv. A })otassium 
salt of indefinite composition has been described by a numb('r of tin* 
early observers. The two salts KSb305 and K 2 ^^^>jr,Oo,: 3 . 7 lI .,0 iia-vc 


^ Simon and Poelilmann, ZeitscJi. mionj. Chtm., 1925, 149, 101. 

- See also Lea and Wood, J. Chem. Soc., 1923, 123, 259; MiLschcrlioh, J. praLi. dhm/. 
1840, 19, 445. 

" Mitscherlich, J. praht. Chem., 1840, [IJ, 19, 455. 

1306 Phys., 1866, [4], 7, 352; Corminib(X)uf, Conipt. rend.., lSi)2, 115, 

" Hose, Pof/r/. Annaltn, 1824, 3, 441; Fremy, Ann. Chim. Phys., 3 848, 131, 23, 401; 
P pyah. Chem., 1848, [1], 45, 209; Mitsclicrlich, loc. cit.-, Hager, Zetlsch. (uial. Cdtem ’ 
18'?. II, 82 0 XcToil, /o., c,7. 

\\ emdind and (;>utinann, Zeitsch. anorg. Chem., 1898, 17, 413. 

® Terreil, loc. cit.; Harding, Zeitsch. anorg. Chem,., 1899, 20 235 
» PilUtz, ZoiUch. a.ial. Chem., 1882, 21, 27, 490; scc’alsodcn'cil, l„c. clL- llcsr 
Loc. Cit.; Lunsen, HmmP/i, 1858, 106, 1. 

J" Harding loc. cil.-. Rose, loc. cit. n Qumeke, Ztitsek. anal. Chem., 1892 gi dr, 
Lormimbcnut, loc. cit.; Terreil, loc. cit. 

Berzelius, Schweigger's J., 1812, 6, 144; Brandes, ibid., 1831, 62 199- Bose and 
A arrentrapp, Pogg. Annalen, 1839, 47, 326; von Liebig, Poggendord and Wulder, ‘‘ Ihind- 
icorierbuch der reincii und angeicandten Chernie'' (Braunsclnveig), 1837, i 414 
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been obtained, the former as minute, prismatic crystals. ^ Antimonites 
of eojDpcr liave been obtained by a fusion metliod,- while the mineral 
tlivoniboUte probably also eontaijis a eompouiid of this type.^ Anti- 
monites of the alkaline earth metals have not been isolated, but indica- 
tions of their existence have been obtained,^ wliile the mineral roineite 
may contain an antirnonite ol calcium.^ Antimonites of zinc, mag- 
nesium and lead,^' and ol iron, cobalt and nickel,'^ have been obtained. 
In addition, complex compounds of antimony trioxide and alkali 
molybdates and tungstates have been described". ^ Of the tungstates, 
the " following mav perhaps be mentioned:^ 2Ba0.Sb203.1lW03. 
I8H2O ; 6(NH4)20-Sb203.18W03.38H20 ; 6(CH6N3)20.Sbo03.18W03. 
31H0O ; 8KoO.Sbo03.19W03.3rII,0 ; 2 J(NH4)o0.2Sb;03.10W0.>. 

12H;;0 ; 3K06.2Sb2O3.lOWO3.6H26 ; 21 (CH6N3);O.2Sb;O3.10WO3. 

6H26; 2pa6.2Sb2O3.10WO3.18ll2O. 

xAntimony trioxidc is used under various trade names, such as “ Luv 
extra,” ‘‘ Leukonin ” and Timonox,” as an opacilier mixed with paints. 
The commercial product is usually a mixture of oxides. It can be used 
with all colours and oxides except those containing lead. The durability, 
hardness and speed of drying of antimony white paints are stated to be 
less than for zinc white paints. The trioxide is also employed in 
enamels, but certain countries have introduced legislation curtailing 
its use on food receptacles on account of its poisonous nature. It 
has been shown that wdiilst antimony in the quinquevalent form is 
comparatively harmless, it is poisonous in the tervalent form since it 
is then soluble in dilute acids (see p. 46). 

Antimony Tetroxide, SboO^i, or Antimonij Dioxide, Sb02, is found 
naturally as the mineral ccrvantile. It may be obtained by a variety of 
methods, such as by the prolonged heating of antimony trioxide in air, 
or by the calcination of antimony pentoxide,^- or by heating the trioxide 
with excess of incrcuric oxide. It is usually prepared by heating 
antimony or antimony trisulphidc with nitric acid and igniting the 
residue at a dull red heat until the weight is constant. An impure 
form may be obtained by the careful roasting of antimony trisulphide, 
at a temperatrire below tine melting point, until no more sulphur dioxide 
is evolved.^^ 

^ Corinimba3uf, foe. cll. 

- Tammanii, Z/c-iUsch. (vnunj. Cheu)., 1925, 149 , 68 ; 192/, 160 , 101; Balareff, ibid.., 
1927, 160 , 92, 

3 Brcithaupt, J . 'praJd. (Jhc.m.., 1898, [1], 15 , 320; Schrauf, Zeitdch. KrysL, 1880, 4 , 
28; Doracyko, IClvrmailo.'i dc, Mi/itmlogia'' (Santiago), 1871. 

Tammann, /or. ciL; BalarelT, loc. cd. 

^ DaTnour, xl'///// . 1811, [3], 20 , 247; Clrotli, " TcLballciTLSchB L EbcTsiclit dev 2Ii'iiCT- 

(dicn’’^ (Braunscli w('ig), 188i), 71; Scliallcr, liidl. b.b. Geol. Survey, 1916, 610; Pelloux, 
A yui. Mils. SOrria Add. (Jeneva, 1913, L3J, 6 , 22; Schroder, Goldschnidt'' a Atlas der Kris- 
Uillj'ormen.,'' 1913, i, 121; H ussak, Centr. Min., 1905, 240. 

Tammann, /oc. cd.; BalarciT, loc. cd. 

' Berzoliu.s, loc. cd.; Tanimanu, loc. cd.; Balarell, loc. cit. 

s Gibbs, Aumr. Chew. J ., 1885, 7 , 313, 392. 

•’ Koscniieini naid WollT, AjcUsch. anory. Cheni., 1930, 193 , 64. 

1^) Miillcr, Glas/i dUc, 1932, 62 , 320; Biker, Auicr. Faird J., 1933, 17 , No. 39, 47; Kolkc, 
Farben Zdt-mg, 103.3, 38 , 67(); Hanpt and Bopp, Keraui^ dlundschau, 1927, 35 , 221 ; 
van lloek, Farbc-n Z^edwiai, 1932, 37 , 1222, 1255; 38 , 43, 1749. 

Mclzer, Glashldle, 11)29, 59 , 865; klaupt and Bopp, loc. cd.; Koike, Zoq mC ^ ^ 
Berzeliirs, SchyveiyycF a J., 1812, 6 , 144. Bunsen, An/uilm, 1878, 192 , 31o. 

von Szilagyi, Zcitach. anal. Cheni., 1918, 57? Dexter, Fogg. Aroialen, 1857, 100 , 
503; Bunsen, /oc. cit. 

If. /'> — r I) I ra'i oc- ■"on 
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Antimony tctroxide is a refractory, white powder, massive as a 
mineral ; it becomes yellowish on heating-, i-everting to white when cold. 
The crystal lattice is cubic, ^ with <^^=1()'22 A. The density ol* tlie 
synthetic substance “ at 2B-8° C'. is given as (r 17. Tins value is con- 
siderably higher than that given for the mineral (see p. 9). The specihc 
heat is 6-0951 : ^ the molar heat capacity at low' tenp^eratures is given 
in the following table (in gram-ealories per mole) : ^ 

Temp., °C. . I - 200-2 I - 182-4 150-4 j -129-2 I- 79-3 i-72-U- 16-6' -M -li-Oi 
Heat capacity. 1 8-317 | 10-02 | 14-72 | 16-57 ' 21-37 ; 21-74 j 25-23 , 23-10 27-17 i 

The tetroxide is stable at a red heat, but loses oxygen when heated 
more strongly A 

The crystal structure of antimony tetroxide suggests that the 
antimony atoms are not all equivalent,^ and from a comparison with the 
structure of the similarly constituted antimonates of lead and calcium it 
is suggested that the oxide may be antimony antimonate, Sb'^^Sb'04. 

Antimony tetroxide is soluble with great difficulty in wnter and in 
acids. It is slightl}" acidic, imparting a faint reddish colour to moistened 
litmus.’^ It is only slightly attacked wdien heated with hydrochloric 
acid, but dissolves in hydrochloric acid containing liydriodic acid, with 
liberation of iodine, according to the equation 

SboO^ -f GHCl u 2HI = 2SbCi3 -f IH^O ^ lo 

This reaction may be employed for the estimation of antimony tetroxide.® 

When heated with a little sidphur an oxysulphide or “ antimony 
glass ” is formed ; with more sulphur the trisulj^hide is obtained.^ 
Alkali hydrosulphides have no action in the cold, but wdien wmrmcd they 
act as solvents, liydrogen sulphide being evolved. 

The tetroxide can be reduced to the metal by heating with carbon, 
potassium cyanide or the alkali metals ; the trioxide is obtained on 
heating with antimony. The tetroxide will also react with antimony 
trisulphide : wdien excess of the tetroxide is employed the tiioxide is 
formed with liberation of sulphur dioxide : 

QSb.O^ 4- 811283 = 10Sbo03 -rSSOo 

With excess of the sulphide, ‘hxntiiiiony glass” is formed. 

The heat of formation from the elements is 209,800 gram-calories. 

A hydrated form, 811004.1100 or Il2Sb205, is found in the mineral 
stibiconite. It is acidic, and the free acid, metu-hypoantimonic acid, may 

■* Behlingc'r, Zeilsch. KrisL, 1927, 66, 108. 

- Anderson, J. Arncr. CIlc/ki. Soc., 1930, 52, 2712. Sec also Karstoii, ScJuvclggeAs J., 
1832, 65, 394; Playfair and Joule, Alemoirs Chem. 80 c., 1845, 2, 401. 

^ Eegnault, Ann. Chun. Phyn.^ 1841, [3], i, 129; Fogg. Amialen, 1841, 53, 73. 

Anderson, loc. cit. 

^ Poote and Smith, J. A-intr. Chem. Soc.y 1908, 30, 1344; Dexter, loc. ciL; Baubieny, 
Convpt. rend., 1897, 124, 560; Brunck, Zeltsch. anal. Chem., 189.7, 34, 171; Read, J. Che/ji.. 
Soc.y 1894, 65, 313; Carnelley and Walker, ibid., 1888, 53, 86; Guntz, Cumpt. rend., 1S85, 
loi, 161. 

^ Natta and Baccaredda, Zeitsch. KrisL, 1933, 85, 271. 

" Pose, Fogg. Anaalen, 1824, 3, 441. 

® von Szilagyi, loc. cit. 

® Proust, Gehlen's ally. J. Chem., 1805, 5, 543; Gilbert's Aunah/i, 1807, 25, 186. 

Mixter, Amer. J. Science, 1909, [4], 28, 103. 
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be prepared as a wliitc, flocculent powder by decomposing solutions of 
its salts by acids. The potassium salt may be obtained by heating 
antimony or antimony trisulphide with potassium sulphate or hi" 
sidphatc : other salts may be prc]3ared by double decomposition. It 
has been suggested, however, that these salts are mi.vtures of antimonites 
and antimonatesd 

Antimony Pentoxide, Sb205.— Antimony pentoxide and its 
derivatives were employed in the sixteenth and seventeenth centuries 
as diaphoretics. 2 A potassium salt was described by Basil Valentine by 
the name of ‘‘ antimmvmm- diaphoreticum. ahlutum ’’ ; it was prepared 
by deflagrating a mixture of antimony and saltpetre and washing the 
residue with water and alcohol. A similar substance was “ aniiinoniuin 
dicqDhoreticum ?ion ahlutum..'' The acid, or oxide, was probably obtained 
by the action of acids upon the above substances, and was used medicin- 
ally under the name of “ materia, perlata Kerkringii." Glauber obtained 
a similar product, which he called “ henzoardicAim 7 ninerale," by the 
action of nitric acid upon antimony trichloride. ^ 

Antimony pentoxide may be prepared by heating antimony, or a 
lower oxide of antimony, with nitric acid or aqua regia.^ It may also 
be obtained by ignition of the hydrated pentoxide (antimonic acid), 
which may, in its turn, be prepared by the hydrolysis of antimonv 
]ocntachloridc. It is formed in a variety of reactions, many of which, 
liowcver, arc not suitable for its preparation. Among these reactions 
may be mentioned the action of alkaline hydrogen peroxide upon 
antimony ^ or antimony trioxide ; and the deflagration of a mixture 
of antimony, antimony trioxidc, antimony trisulphide or potassium 
antimonyl tartrate with potassium nitrate. 

Antimony pentoxide is a pale, lemon-yellow powder, without taste. 
Its density is .3*78. It crystallises in the cubic system, with a lattice 
constant similar to that of the tetroxide.'^ The arrangement of the 
oxygen atoms in the lattice, and the effect of adding ox\^gen atoms 
within the range Sbo04 to Sb205, affords a possible explanation for the 
development of colour in the neighbourhood of The pentoxide 

is insoluble in alcohol, l)ut soluble in tartaric acid.'^ 

The heat of formation, calculated from thermal data obtained in the 

’ Fdr the chciincal properties of antimony tetroxide, see also Berzelius, ScJiiceiggo.f s J., 
1812,6, 14-1 ; 1818, 22, 69 ; Delft's, J. 'prnkt. Cheiri., 1847, 40, 318; Schnabel, Pogg. AiivnUn, 
18r)8, 105, 146; Camenye, Ann. Mines, 1851, [4], 20, 80; Frenzel, Zeitsch. Krysl. Min., 
1877, 2, 629; Santos, Cham. Neics, 1877, 36, 167; Rammclsberg, 'Mlandwortcrbuch des 
ch.a'nuschan Theils der Minaralogie'" (Leipzig), 1875, 175, 188; Freray, Ann. Chim. Fkys., 
18-M, [3], 12, 498; von Liebig, he. cii., i, 414: Websky, ZaAtsch. anal. Cham., 1872, ii, 124. 

“ A diapliorctic is used for promo! iog or increasing perspiration. 

D3cson, PharmacPALlical J. (hid Pharmacist, 1928, [4], 67, 521; Kopp, " Geschichie 
(Ic.r ChamiaP (Braunschweig), 1843-1847, 4, lOS; Ljbavius, ''' AlchymuC'' ( Francofurli), 
1595; Lemcry, '' Cours da Chim.ia/' (Paris), 1675; Basil Valentine, '"The Triumphant 
Chariot of Antvmo'ny,"' i.onclon, 1G()1; Croll, Basilica chyinicad'' (Frankfurt), 1609; 
Glaulx'r, 'A^harmacf/pca.a spagyrica'' (Am.stelodani), 1650-1670. 

Berzelius, loc. rat.: Bourson, J. praH. Chain., 1839, 17, 238; Conrad, Chcni. Bens, 
1879, 40, 197; Bo.sek, J. Cham. Poc., 1895, 67, 515; Villon, Ann. Chim. Phys., 1842, [3], 
6, 101 ; l\os(“, Pogg. Annalan, 18-11, 53, 161; Leforl-, J. Pharm. Chim., 1855, [3], 28, 93. 

('lark, Cham. Xcirs, 1893, 67, 249. 

ZainlH'Ui and Luzzaito, Arab. Tharm., 1886, [2!, 224, /72; llampe, Cham. Zrif., 
1S9L 18, LS99. 

" l)(‘blingor, Zaitsi'.h. Kri^f., 1927, 66, 1<)8. 

^ Belilingei’, Znisah.. physiJaal. Cha.in., 1929, 6 B, 127. 

Plavfair and Joule, Memoirs Chain. Soc., 1845, 2, 401; Boullay, Ann. Clcun. Phys., 
1830, 43, 266. 
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ONiciatioii of the element or lower oxides by means of sodnim jmroxicle.i 
is orani-calorics. The molar heat capacity at low tempera- 

tui'cs (in oiaiu-calorics per mole) calculated from determinations of 
snecilic heat on two hydrated forms - is given in the following table : 


i Tidiiperatiii'c, * C. . 
■ iioat capacity 


-213 ; -203 
d-TO ! 7-83 


-173 : - 123 ■ -103 
12*66 j 18*46 : 20*32 : 


-73 

22*67 


-3 ' -:-17 ^ -27 
26*54 ; 27*62 j 28*23 


The pentoxide is decomposed on heating, decomposition beginning 
at about 300'' C. with the formation of antimony tetroxide,^ and also by 
hydrogen under the influence of the silent electric discharged With 
efdorinc it forms antimony trichloride ; ^ Iwdrochloric acid has a slight 
solvent action, but no chlorine is evolved. It is reduced by phosphorus 
trichloride^ Hydriodic acid reduces it to antimony trioxide with 
liberation of iodine.” This reaction affords a delicate qualitative test 
for antimony.® The reaction 


SboO, ^ 4HI Sbo03 4- 2noO + 21, 


is rc\'crsible, and the equilibrium conditions have been studied with 
reference to the influence of varying concentrations of the reacting 
substances and of the presence of certain other substances.^ Reduction 
Lif the antimony pentoxide is practically complete in the 2 :)rcscnce of 
excess of potassium iodide or hydrochloric acid, the latter being the more 
dTcetive. The presence of tartaric acid reduces the amount of iodine 
;ct free : cadmium iodide acts similarly ; but the presence of neutral 
.alts, or a rise in temperature, increases the amount. 

Antimony pentoxide reacts with sulphur to form antimony trioxidc, 
)r antimony trisulphide, according to the proportion of sulphur, the 
cactions being represented by the following equations : 

Sb,03-tS=:SboO.-f-SOo 
2Sb203 -MIS =2SboS3-f oSbo 

Vhen heated in a current of hydrogen sulphide a black oxysulphido, 
iqOS^, is formed ; an orange-red precipitate of antijnony ])enta- 
Likhide is obtained with a solution of hydrogen sulphide. This j)re- 
ijutate IS soluble in warm alkali sulphides, and very slowly soluble in 
mmoniiim sulphide. Sulphuric acid, both dilute and concentratcHl, 
issolvcs antimony pentoxide only slowly and after prolonged action, 
lie pentoxide reacts with sulphur monochloride with the formation 
r antimony trichloride : 


eSXh -2Sbo05 -4SbCl, -^oSOo 


^ 51ixter, Amer J ScA, 1909, [4], 28 , 103. 2 Anderson, loc 

^ Daubrawa, An/ialen, 1877, 186 , 118. 

' 5Iiyamoto, ./. Chem. Soc. Japan, 1932, 53 , 7 SS. 

■' tVeber, Popj, AnnaU-n, 1861, 112 , 625. 

^ Miehaeli.-?, J. p/ali. Cha/n., J871, 4 , 4 ;' 34 . 

" ibinsrn, AitnaJ‘-n, 1S5S, 106 , 1 . 

^ Klein h-r/^. Phann., 1 SS!), 227 , 922; Giraiid, Bull Hoc. rUni., ISS 6 
--•e arui (,nu*nwf, Z^yi^rh. anal. Chr,n., 1893, 32 , 471; Welka', Annnlrn, 
f; 'Jj' 1882 , 45 , 101 ; Uohmer, AVr., J!)01, 34 , 1365 

anu tor-nihaK ZrP.,r/i. anonj. Cham., 1908, 58 , 180. See also Ynui 
'! ( /;• in., 1903, 37 , 337. 

Kamnielsbery, Pogg. Annalen, 1841, 52 , 241 
Schumann, Annalen, 1877, 187 , 312. 


. cit. 


!, 46 , 504; 
I 8 S 2 , 213 , 

■ Z, Zr/lsi'h. 


Pnnz, A'linalen, 1884, 223 , 358, 
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Antimony pentoxide is partially reduced when heated with carbon 
in tile blowpi]DC (lame, but for complete reduction admixture with 
•sociinm carbonate is necessary. Carbon disulphide ^ and silicon tetra- 
chloride “ also act as reducing agents, chlorine being evolved in the 
latter case. 

Aqueous alkali solutions have only a slight solvent action, but 
a.iitiinonates are formed on fusion with alkalis. Reduction occurs on 
fusion with potassium cyanide, potassium formate, the sulphides of lead, 
co]3per and silver,^ antimony and antimony trisulphide. 

Antimoii}^ pentoxide liberates chlorine from potassium chloride 
a.nd iodine from potassium iodide,^ in both cases on heating in the 
presence of oxygen. 

Stannous chloride produces a darkening of the colour of antimony 
])cntoxidc, the resulting product containing stannous oxide. ^ The 
]:)entoxide is reduced to antimony by the action of tin and hydrochloric 
ac'id.” 

The hydration of antimony pentoxide has been studied by many 
in vestigators, and, while earlier workers reported a number of definite 
Ipydra tes, more recent work suggests that the hydrates of antimony pent- 
oxiclc resemble those of stannic oxide in being colloidal. Three of the 
so-called hydrates have been studied, being prepared respectively by 
(1) the hydrolysis of antimony pentachloride at 0° to 1° C., (2) the 
liydrolysis of antimony pentachloride at 100° C., and (3) the oxidation 
ol' aiitimony trichloride by nitric acid and hydrolysis of the product at 
()()° C. The results suggested that gels were formed in each ease, the 
IxOuiviour of these depending upon grain size, this in turn varying with 
t he method of ])rc]oaration. The tliree products contained the following 
molcc'ules of water ])cr molecule of antimony pentoxide after treatment 
as described : 




(U 

(2) 

(3) 

Dried 

on porous plate 

30-57 

9-97 

7-91 

Dried 

over sulphuric acid 

3-68 

2-17 

0-60 

Dried 

at U)5° C. . 

2-43 

1-02 

0-45 


Alcogc'ls of antimony ])CJitoxide have also been prepared, and their 
(I(‘-a.lcoholation curves were found to be similar. 

Sols have been obtained ^ by the hydrolysis of concentrated aqueous 
solid ions of antimony pentachloride at 0° C. Freezing point determina- 
lions of these solutions suggest analogies with soap solutions, while pll 
\ aliKss indieatc that, on subsequent dilution, the micelles decompose 
1‘nrther and ionise. Certain of the more stable solutions suggest a 
molcaailar weight of a very high order. The soluble products arc acidic, 
and arc jU'obably hydrosols of low stability. It is probable that the 
ortho-, p 3 n'o- and mcta-antimonic acids have no free existence. Towards 
alkalis, these hydrates show marked selective adsorption, forming 
a.morplions substances, probably antimonates, of indefinite composition. 

' Mullc!’, P()[]<j. ISfil), 127, 40 1 -. 

lva.ni(‘r, A'miahn, 1 270, 250 . 

Ua ni in(*lsl)(‘ru, /or. r/l. 

' J. '/iraL'I. ISSO, 21, 4 I> 7 . 

’’ Sclaai l)ciii , rix/fi. A /innlc/i, 1840,78,51.4. 
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Certain crystalline antimonates may also be obtained by dissolution in 
concentrated alkali solutions, followed by careful evaporation at low 
tempcratiired 

Evidence has been obtained for the existence of the definite hydrate 
3Sbo05.5H20 from a stiuh' of the behaviour of gels obtained by the 
hydrolysis of antimony pentachloride,- and also for the existence of a 
cliliydrate and a hemihydrate. The formula HSb(OH)g has also been 
suggested for antimonic acid.^ Earlier investigators l)ave described 
several hydrates obtained by the following methods : by the decom- 
position of a solution of potassium antimonate by nitric acid ; by the 
hydrolysis of antimony pentachloride ; ^ by the repeated action of 
aqua regia on antimony ; ^ by the action of nitric acid upon antimony 
trichloride.’^ 

Much confusion exists as to the nature of the many antimonates 
that have been obtained and described. It seems fairly certain that only 
in a few instances — notabh- the. salts of iron and aluminium— are normal 
ortho-antimonates obtained, the majority of the salts being cither acid 
ortho-antimonates of the type KHoSb04, or meta-antimonates of the 
type KSb03. The elucidation of the constitution of these salts is 
handicapped by the difficulty experienced in determining the true 
water content of the solid substances. From conductivity determina- 
tions in solution it appears probable that both the potassium and the 
sodium salts are aeicl ortho-antimonates of the above t3q)c.^ The 
following compounds have been obtained by the interaction of a con- 
centrated solution of a salt of the metal with a concentrated solution of 
sodium antimonate : — ^ 

Ortho-antimonates — Fe.2O3.Sb2O5.7H2O ; AFOg-SlD.^O.-OFLoO. 

Meta-antimonates — CuSboOe-oHgO ; AgoSbgOg.BH.^O ; BeSb.^Og. 
6H2O; BaSb205.5H20 ; ZnSboOc-dH.^O ; CdSboOe.GlIoO : PbSb^O,. 
5H2O ; MnSb206.5H20 ; XiSb20g.6H20 ; CoSboOg.dHoO. The last 
two have also been obtained with 12 molecules of water of hi\Tlration.^^ 

In man}' cases the proportion of water retained in the molecule 
depends upon the conditions of preparation. In general, this water is 

’ Jander, Kolloid Zcitsch., 1918, 23, 122; Lottcrnioser, Zetlsch. EleldrocJion., 1927, 
33, 

- Simon and Thaler, Zeitsch. anorg. Climi., 1927, 161, 113. 

^ Pauling, J. Amer. Chem. Soc., 1933, 55, 189.7; 1933, 55, 3<U2; Hannindt, So!vtio}t.s 
of Electrolytes' ' (Xew York), 1929, 108; Brintzinsxer and VVallacli, A/n/ezr. Cheoi., 1934, 
47, 61. 

^ Heffter, Pogg. Annaleii, 18.52, 86, 419. 

* Daubra\va, Annalen^ 1^77, 186, 110. 

Conrad, Chem. News, 1879, 40, 197. 

■ Senderens, Bull. Soc. clmn., 1899, [3], 21, 47. For the properties of these products, 
see also Geuther, J. praJd. Chem., 1871, 4, 438; Fremy, ibid., 1848, 45, 211; Baubigiiy, 
Comjjt. rend., 1897, 124, 499; Capitaine, J. Pharvi. Chim., 1839, 25, .516; J . jirakt. Chem., 
1839, 18, 449; Beilstein and von Blase, Bull. Acad. St. Petersburg, 1889, [4], i, 97, 201, 209; 
Chem. Zentr., 1889, I, 803; 1890, I, 3.50; Schiff, Annalen, 1857, 102, 111; Lnckow, 
Zeitsch. arnal. Chem., 1897, 26, 14; Helacroix, J. Plmrm,. Chim., 1897, [6], 6, 337; Jhill. Soc. 
chim., 1899, [3], 21, 1049; 1901, 25, 28S; Lottermoser, Zeitsch. ElektrocJieru., 1027, 33, 514. 

® Tonnila, Zeitsch. aoiorg. Chem., 1921, 118, SI; Delacroix, Bull. Soc. rhim., 1<S99, [3], 
21, 1049; J. Bharm., 1897, [6], 6, 337; Senderens, Bull. Soc. chim., 1899, [3], 21, -47; 
Baubigny, Compt. rend.., 1897, 124, 499; Beilstein and von Blase, (Jhem. Zc/dr., 1889, 
I, 803; 1890, I, 350; von Knorre and (llschewsky, .hV/-., 1885, 18, 23.53; 1887, 20, 304.3; 
Rascliig, ibid., 1885, 18, 2743; Fremy, Ann. Chim. Phys., 1844, }3], 12, 199; J848, 22, 104. 

Ebe], Ber., 1889,22, 3044: liuiug. Disscrtntion, Berlin, 1890; Chem. Zmitr., 1801, II, 

414. 

See also Schiff, Annalen, 1861, 120, 55; Schneider, Pogg. Annahyn, 1850, 98, 304; 
Heffter, ibid., 1852, 86, 418, 
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removed eompletely by heating to 100 ° C. or by drying oyer concentrated 
sulphuric acid. In the case of potassium antimonate it is much more 
difhcult to remove the water, and the suggestion has been put forward 
that in this case a pyro-antimonate may be formed. 

Alkali antimonates arc to some extent soluble in water, but anti- 
monates of the heavy metals are, in general, soluble onh^ with difficulty. 
The solubility of sodium meta-antimonate (expressed in milligrams 
XaoO.SboOj.GlIoO in 100 e.e. of solution) is 56*4 in water at 18° C., 0-1 
in a mixture of equal volumes of water and ethyl alcohol, and 3-1 in a 
2-5 per cent, solution of sodium acetate.^ 

5 lost antimonates are decomposed by concentrated acids with the 
formation of hydrated antimony pentoxide. Solutions of alkali anti- 
monates react slowly with sulphuretted hydrogen in the absence of otlier 
alkali salts, an orange-red precipitate of antimony pentasulphide being 
formed ; they react with carbon dioxide to form a white precipitate of 
an acid alkali antimonate.- 

A number of naturally occurring antimonates has been examined 
and the constitutions have been discussed.^ 

Anttiuoxy axd Sui>rirT;R. 

Three sulphides of antimony have been described : the trisulphide, 
SboS3, the tetrasulphide, Sb2S4, and the iDcntasulphide, Sb2S5. Some 
doubt has been expressed concerning the existence of the tetrasulphide 
as a true compound, and it is probable that the pentasulphide has not 
yet been obtained in a pure condition. Early investigators described 
a subsulphide, Sb2S2, obtained b}' fusion, but this was quickly proved 
to be a mixture, or solid solution, of antimony and antimony trisulphide. 

Thermal examination of the system antimony-sulphur indicates 
the existence of one comj^ound only — antimony trisulphidc, Sb^S^ — 
which gives rise to a maximum on the freezing point curve at 546° C. 
One eutectic is obtained, containing 57*5 atomic ]:)cr cent, of sulidiur, 
and melting at 520° C. A second eutectic lias been re]ioi’ted, containing 
61-3 jier cent, sulphur and melting at 519° C. Two liquid layers arc 
obtained at each end of the system, at 530° C. for the sulphur end, and 
at 615° C. for the antimony end.''’ (Sec fig. 3, p. 98.) 

Antimony Trisulphide, SboS.^, has been known from very early 
tiiucs, under a. variety ol‘ names, such as antinionhini crudimi, grejj 
antiniony ore, antvniony glance, antimony glass, stihriite. Until the 
eighteenth century it was frequently confused with antimony metal. 
It exists in at least three forms, a crystalline form and t^vo amorphous 
forms, each of v'hich 7 nay be obtained in a variety of ways. 

^ Tom u In., loc. at. 

~ von Knorre and Olsclicwsky, loc. cit. For J’urtlier clicraical properties of antimonates, 
see kniTK'k, Zait.^ch. anal. Chan., ]89.t, 34 , 171; Unger, Arrh. Phann., IS71, [2], 147 , 193; 
-Rose, Pfigrj. Annfdai, I8d4, 3 , 44]; J848, 73 , 582; 1853, 90 , 201. For the electrolytic 
behaviour of solutions of potassium antimonate, see Schmucker, Zalarh. anorg. Chan., 
1894, 5 , 199; Smit h and Y'allaec, Ihld., 1893, 4 , 273. 

^ Schaller, P)ulL C.S. Cc.oJ. Hun:aj, 19I(), 610 , 104. See also Xatta and Baccaredda, 
Zafsrh. KrlsL, ]t)33, 85 , 271. 

Faraday, Pogg. Aivhalai, 1831, 23 , 314; Bej'zeliiis, vVnW., 1S3(), 37 , 103; Relabon, 
C()it\]>t. raid., 1904, 138 A, 277; Ciiineliant and Chretiim, ibid., 1900, 142 , 709; Unger, 
Arrh. Pharni., 1871, [2.1, 147 , 199; 1871, [2J, 148 , 2. 

^ J tdarnalional Criliad Tables, 1928, 4 , 25; Jaeger and van Kloostcn', Zeibsrh. anorg. 
Cham., 1912, 78 , 245; Guinchant and C’hreticn, Coaigit. rend., 1904, 138 , 1269; 1904, 
139 , 288; 1900, 142 , 708; Britzke and Zactev, ^'Pinerahloc. Snirc, 1931, 5 , 816. 

VOL. VI. : V. 7 
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Crystalline antimony trisuljMde may be formed by fusing together 
the elements ; by subjecting a mixture of the elements to high pressure C 
or by heating the elements with water under pressure^ It may also be 
formed from antimony b}^ the action of sulphur dioxide,^ and from 
antimony trioxidc, or from antimonates, by fusion with sulphur A It 
is also obtained by the action of hydrogen sulphide on the vapour 
of antimony trichloride or other antimony compounds,^ and by the 
prolonged heating at a high temperature of potassium antimonyl 
tartrate with a solution of ammonium thiocyanate,'^ or with potassium 
thiocyanate ^ in the presence of tartaric acid. In the latter case the 
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amorphous variety is obtained at lower tcm])craturcs, the crystalline 
at higher. 

From antimony ]:>entasul]diidc tlte erystallinc trisulphidc may be 
obtaiiicd by heating at 200° to ^300° C. in a current of earl)on dioxide ; 
by the prolonged action of sunlight on a dilute solulioTt in hydrocliloric 
acid containing hydrogen sulphide : or by heating in a tui)c at 2.50° U. 
with a solution of sodium l)icarbonatc.^^ 

^ Spring, Bcr., 1883, i6, 990. 

“ Geitnor, Armalen^ 1864, 129, 359. 

Gcitncr, Joe. cit. 

Jannaseh and Rcmmlcr, Brr., 1893, 26, 1425; Umrer, Arch, rhann., 1871, [21, 147 
193. . 

^ Dnrocher, Cowjol. rand., 1 83], 32, 823; Ai'ctowski, Za.ifsrh. miorg. Cham., 1893, 8, 220. 
'' Carnot, Cenn-pt. revd., 1879, 89, 109. 

' W'oinselienk, Zadsah. Kry.sL Min., 1890, 17, 499. 

Adarrcn, Ctiam. Nen-.p^ 1892, 66, 287. 

Rose, nandhiich day analytl.^tdia.n Cha.m.ia/'' (Berlin, 18()7-71), Oth Ed., V'ol. II, 
p. 293; Fanl, Zaltsch. anal. Cha/ui., 1892, 31, 339. 


^ ^ — 

/ 

/ 

\;i5-5% 


— — p 
\ 

1 

1 

1 

5i 




eisx. 





L 





57-5% 


\^7PS4 

■*-5Z0°C. 

9r.) 






.^1 

= — , 

.. j 






COMPOUNDS OF ANTIMONY. 


99 


From antimonic solutions the trisulphide is obtained by the aetion 
of hydrogen sulphide at 70° C. in the presence of chromic chloride ; the 
presence of the latter is essential for the formation of the black modihca- 
tion of antimony trisulphide in a pure condition.^ Preparation may 
also be effected by alternating current electrolysis of sodium thio- 
sulphate solutions using antimony electrodes.- 

The amorphous variety may be transformed into the crystalline b}'^ 
heating in a neutral atmosphere;^ by heating with Avater at 200° to 
300° C. in a closed tube/ or by heating with hydrogen sulphide.^ The 
transformation is also effected b}'^ the action of dilute acids, especially 
hydrochloric acid.^ 

Amorphous antimony trisidphide is said to be formed by quenching 
the molten substance rapidly,'^ A much purer product is obtained by 
distilling the trisulphide in a stream of nitrogen and condensing the 
vapour rapidly ; admixed sulphur may be removed by treatment with 
carbon disulphide.® 

The amorj)hous form is also obtained by the action of sodium thio- 
sulphate iqAon solutions of antimony salts. ^ The technical product is 
obtained by this method. A solution of sodium thiosulphate containing 
sodium hydroxide is added to one of antimony trichloride ; the colour 
of the resulting red product is influenced by the jDroportion of sodium 
hydroxide, becoming yelloAver Avith increase of this reagent. The 
D'caction may be repi’esented by the equations : 

SbClrj -eSXaoSoOg ==Na 3 Sb(S 203)3 +3NaCl 
2Na3Sb(S 003)3 =Sb2S3 +3X0,28306 

The product is generally contaminated with oxide. 

A more usual laboratory method of preparation, howcA'^er, is by 
precipitation from solutions of antimony salts by hydrogen sulphide. 
Tartaric acid should be present to prcA'ent the formation of thio-salts.^^ 
An inA'cstigation into the separation of antimon}'^ and tin by hydrogen 
sul])hidc in hot hydrochloric acid solution indicated that, Avith a con- 
centration of 30 c.ce concentrated acid in 100 e.c. solution precipitation 
of antimony trisul])hidc began at 95° C., that of antimony pcntasul])hide 
at 80° C. ; tlic ])rcscnce of ammonium chloride in the solution loAvcrcd 

^ r^osc]c, J. Chan. h)OC., IS95, 67, 515; Brauncr, loc. ciL 

- Tocco, CdzzoJtd, 11)24;, 54, 25. 

l\osc, ICjrjg. Atnifdai, 1855, 89, 151; Cooke, Froc. Ainrr, Ac.ad. Arts Fci., 1877, 13, 27; 
5IoiiT-lot, Corupt. raid., 1896, 123, 51. 

Seliiii’inann, Anvtdlp.ii, 1889, 249, 35G; de Senarmont, loc. cil.\ Kosc, loc. cit. 

'' Carnot', loc. cit. 

Rose, Foijcj. Avmdcn, 1855, 89, 132, 158; Tang, Bar,, 1885, 18, 2716; Ditto, Cow pi. 
re.nd., 1886, 102, 212. 

" Fiiclis, Cowpl. raid., 1854, 31, 578; Rose, Forjg. Annalcn, 1855, 89, 123. See, 
liowoA'Oi’, Ditto, loc. cit. 

^ Guincliant and Clirotien, Cowpt. rend., 1904, 139, 51. 

-* VortTnann, JAr.. 1889, 22, 2311; Vohl, Aiuial.ai, 1855, 96, 240; Lensson, Ansidlai, 
1860, 114, 118; Frc'sonius, " An la.il umej z'ur cjv.antitalivai chewischai Analyse'' (.Braunsch- 
woi.o), 187.5-J877, 6tli ICl., i, 640, Lc.sser, Jnatig. Dissertation, Berlin, iS80; Orlowski, 
Zcilsrh. d.ndl. Chent., 1885, 22, 558; Vortmann, Aforiatsh., 1886, 7, 421; Carnot, Compt. 
raid., 1886, 103, 258. 

llanson, Ziilsrh. nnijar. Chan., 1952, 45, 505, 521; Knrtonacker and Furstenaii, 
Zrdlsrh. dnouj. Cdian., 1955, 215, 257. 

Sliarplos, Chan.. Nass, 1870, 22, 190; Zeilsch. cr/ud. Chan., 1871, 10, 543; Rose, 
loc. cit.\ Duflos, Schwfdijrp-.r s J., 1830, 62, 210; 1833, 67, 269; Finkener, J. Soc, Chan. 
Tnd., 1889, 8, 7:T5; Chan. ZciL., 1889, 13, Rep. 201; Chan. Zentr., 1889, ii, 380. 
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the temperature at which precipitation began in eacli case.^ It is 
probable that the precipitate oC antimony sulphide obtained from 
hydrochloric acid solution by hydrogen sulphide is seldom pure, being 
contaminated with antimony oxychloride. The precipitate should be 
heated in an atmosphere of carbon dioxide at 250° C, in order to convert 
it to the black variety.^ 

For commercial purposes crude antimony tri sulphide is usually 
obtained by liquation from antimony ores. The chief impurities are 
arsenic,^ lead,^ iron, copper and other metals. Purer products are 
obtained b}'^ melting together a mixture of hnely divided refined anti- 
mony and sulphur,'^ or by saturating a solution of antimony trioxide in 
dilute hydrochloric acid with hydrogen sulphide and ]mssing carbon 
dioxide through the boiling liquid.^’ 

Pohnnorphic forms of antimony trisulphide that have been in- 
vestigated are the red precipitated form, the black crystalline form and 
the natural stibnitc. The two latter appear to differ only in density.'^ 
The densities of the three varieties arc : 

Red precipitated form .... 4-1205 to 4-421 

Greyish-black form ..... 4-2906 

Stibnite ....... 4-6853 

Stibnite crystallises in the rhombic system ® 
a : h : 0-9926 : 1 : 1-0179 

From X-ray examination, however, the lengths of the edges of tlie 
rhombic cell are given as ^ 

a = 11-89 A., /;=]1-48A. and c =8-80 A. 

giving as axial ratios 

a : h : c =0-992 : 1 : 0-888 

There are four molecules of SboS.^ in the unit ccll.^^ 

Transformation from the orange-red to the black variety takes ])la.cc 
on heating at just over 200° C., with evolution of hcat.^^ The influence 
of a number of substances on the transformation point, including carbon 
dioxide, hydrogen sulphide, ammonium chloride, antimony trichloride, 
metallic silver, potassium nitrate, sodium chloride, ammonium sulphate, 
and acids of different concentrations, has been investigated. In the 
presence of water and various ions,^'*^ raising the temperature to 75° C. 
hastens the change, the order of effectiveness of various ions and watca- 

1 LiifT, Cliern. Zeii., 1921, 45, 229, 249, 254, 274; Brim, thld., 1917, 41, 414. 

= Yontz, J. Amcr. Cheni. Soc., 1908, 30, 375; Beckett, Cheni. Naws, 1910, 102, 101. 

3 Wackenroder, Arch. Fhnrm., 1852, [2], 71,257; Ucncliardt, Arch. Phernn., 1857, [2!, 
91, 136. 

Wittstcin, Beperiorrmn Phannacie, 1850, [3], 5, 67; Boicdiardt, lor. cit. 

von Liebig, 4/ r/r/az/kc/erPAc/rmocY, 1831, 35, 120; Ammloi, 1833, 7, 1 ; 1859, 31 07. 

Mitc-hell, Qhc'.ni. Ne-ics, 1893, 67, 291. 

" Zani, Bull. Acad. roy. Brig., 1909, 1169. 

s Dana, ''ASyAcm of Mineralogy'' (Xew York and London), 1899, Oih Kd., p. 36; 
Dana, Amer. J. Sci., 1883, [3], 26, 214; Jkilache and Yodill, Amer. Miv.oral., 19.30, 15’, 
365; Idofnninn, ZeBsvdn /uLs4., 1933, 86, 225; I Iinlz(‘, vA/r/., 1 882, 6, 4 1 0. 

•' (Tottfricd, Zcitsch. KriA., 1927, 65, 428; Allbnnlii, J>hy.^, Pcnrir, 1931, 37 458. 

Hofmann, loc. cit. 

Zani, he. cit.: clc Backo, Annrilc Chirn. rrypl., 1919, 12, 143. 

Wilson and MoCroskey, J. Arner. Chern. Boc., 1921, 43,’ 2 178. 

Lehrmann, J. Physical Chern., 1931, 35, 2763. 
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being (in diminishing order) : anions, S"", water, NO3", Cl", 
(dlL.CU” ; eations, II '', water, Na^, XTId'. In acjueous hydroeliloric 
acid the limes taken for com])letc transforination in solutions of con- 
eentralions 12A", 7N and N were 0*5 day, 1 day and 10-5 days 
res2)eetively. The effect of temperature on the time taken for the 
trails foianation (using a 20 jier cent, solution of hydrogen chloride) was 
as follows : 


Temp., ° C. 

26-5° 

30° 

35° 

40° 

68-5° 

75° 

Time required . 

i 

44 hrs. 

29 hrs. 

16 hrs. 

9 hrs. 

62 mins. 

32 mins. 


In a corresponding solution of hydrogen bromide no change occurred 
after 20 hours at 75° C. 

The hardness of stibnite on Mohs’ scale is 2 to 2-5. Its density ^ and 
that of the ])re]iared variety - have already been given. Its melting 
point is about 550° C.^ It can he distilled, the boiling point being 1090° 
to 1150° C:. ; some decomposition takes place.^ Antimony trisulphide 
begins to volatilise at 650° C. ; volatilisation is rapid at 800° to 850° C. 
and is com})lete at 017° C. The electrical conductivity of single crystals 
is not jiurely electronic, electrolytic dccom2)osition accojnioanying jDro- 
longed 2)a,ssagc of current.^ 

Anior2)lious antimony trisul2)hidc varies in jn’operties according to 
the method of preparation. In colour it ranges from red to greyish- 
black. Most S2Dccimcns contain water, and it has been suggested that 
a hydrate is formed ; also that the black form is anhydrous and the red 
form hydrated.® It has been observed, however, that the loss in weight 
which occurs when the red variety is heated to 100° C. is not due so much 
to loss of water as to secondary reactions involving absor2:)tion of 
oxygen and loss of sul])hur dioxide.'^ When the sul2:)hidc is 2)recipitated 
from a solution free from chlorides it does not suffer any loss in weight 
on 2)rolongcd heating at 250° C. in a current of carbon dioxide.® The 
densi ties of different s])ecimcns ® vary from 4*120 to 4-421. An investiga- 

^ N(;uinanii, /UW* Annulcn, 1831, 23, 1; Sclirodcr, JahiCuAjcr., 187t, 54. 

“ Ditto, Cornpt. rend., 1886, 102, dl’Z; Rose, rogg. Annalen, 1853, 89, 131; Karsten, 
ScJiweiggtAs J., 1832, 65, 395; Cooke, Froc. Anicr. Acad. Arts Scl., 1877, 12, 127; Guin- 
cliaiit and Cliretie]i, Coni/pt. rend., 1906, 142, 709. 

^ Pela})on, (Urnipt. rend., J 904, 138, 277; Gidncluint and Chretien, ibid., 1904, 138, 
1269. 

^ Britzke and Zaetev, MlncraJnoc SiiiAc, 1931, 5, 816; Kohhneyer, Meiall mid Erz, 
] 932, 29, 105, 408; Sliakhov and Slobodska, Tsfc/'. Mrt., 1930, 1294; Chlnilc tl Industrie; 
1931, 25, 1126. 

- Frey, Arhie Kenil, Mineral., GcoL, 1932, ii A, No. 4, 1. 

for otlier pliy.sieal properties, see Pelaboii, Corn/pt. rend., 1905, 140, 1389; Reyniault, 
Pagg. Annalen, 1841, 53, 75; Neumann, Jahredje.r., 1864, 50; Olie, -Inn. and ivruyt, 
Prcjc. K. Ak(id. Welcnsck. Avisicrda.))}, 1912, 14, 740; Voi^t, Zedsch. FhysiJ:, 1929, 57, 
154; Cissaiv., Seises Yahrb. Min., 1931, A 64, 137; Chtni. Zcnlr., 1932, 1, 512; Yainaguti, 
Froc. Jdays.-Matib. iSoc. Ju'pan, 1932, 14, 1. 

DilLO, l(jc. cit.; WhU-Stein, Ztitsch. anal. Chem., 1870, 9, 264; Rose, Fogg. Ajinalen, 
1853, 89, 137 ; Fresenius, 'AFnlciturtg ziir gucuUiia.tLDcricJieniLscheii A nalyspd' (Braunschweig), 
1873-1877, 6ih Fd., 2, 812; Dexter, A'/ner. J. Sci., 1868, [2], 45, 78; Nilson, Ztitsch. anal. 
CJitfiL., 1877, 16, 418; Cooke, Froc. Anmr. Acad. Arts Sol., 1877, 12, 127; Unger, Arch. 
Fhar/u., 1871, [2J, 148, 11. 

" Zivni, lor. at. 

® Youtz, J . Af/Ltr. Uhem. Soc., 1.908, 30, 375. 

^ Fuchs, Fogg. Annalen, 1834, 31, 578; Rose, loc. cit.; Cooke, loc. at.; Giiinchant 
and Chretien, Cornpt. raid., 1904, 139, 51. 
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tion of the heat of formation of different specimens reveals only very 
slight differences.^ The calculated heat of formation (from suljduir 
\'apour and solid antimony) ^ is 86,490 ;^ram-calories, and that from 
rhombic sulphur and solid antimony 38,300 gram- calories (both calcula- 
tions refer to black antimony trisulphidc).**^ 

The chemical properties of all varieties of the trisulphide are similar, 
but the amorphous form is the most active. All varieties arc decom- 
posed when heated, metallic antimony being formed.^ 

Antimony trisulphide is reduced hy hydrogen, reduction beginning 
at 360° C. The reaction 

2Sb-f-3H2S 

is reversible.^ From a study of the equilibrium between antimony 
trisulphide and hydrogen the dissociation pressures of the trisidphidc 
have been calculated,® and it is found that log is a linear lunetion of T, 
wlicre^ is the partial pressure of the sulphur vapour and T the absolute 
temperature.’^ At temperatures u}) to the melting point, the ))artial 
pressure of hydrogen sulphide is proi^ortional to the tem])eraturc ; ® 
above the melting point the equilibrium is disturbed owing to the 
solubility of metallic antimony in molten antimony sulphide, the com- 
position of the gas then depending not only on the temperature, but 
also on the concentration of the solution of antimony in antimony 
trisul^jhidc. If antimony is present in excess, the solution is, of course, 
always saturated, and again the equilibrium is determined by tem- 
perature alone. Antimony trisulphide reacts with hydrogen undei- the 
influence of the silent electric discharge (15,000 volts), the products 
being an antimony mirror and h\Hrogen sul]:)hide.^ 

Antimony trisulphide burns in oxygen with the formation of sulj)hiir 
dioxide and a mixture of antimony trioxidc and tetroxidc.^® Tlie heat 
of reaction has been calculated and is given, in gram-calorics, by the 
ecpiation 

513083 -{- 4*502 ~Sb203 4-3502 -i- 328,400 

The conditions of roasting antimony trisulphide have also been studied,''- 
together with the conditions of oxidation to antimony trioxide and 
antimony tetroxide, and the dissociation of the latter. At 100° U. 
oxidation to antimony trioxide begins, the action becoming rapid at 
340° C. and complete at 445° C. Above this tcmpei'aturc oxidation to 
antimony tetroxide takes ])lacc, and continues up to 900° (t, at whicli 
temperature dissociation of the latter into antimony trioxidc begins and 

^ Guiiichant and Chretien, loc. cit.; Berthelol, A/in. Chini. Pky.i., 1887, [GJ, 10, 13“); 
Co-yupt. rcncl.y 1904, 139, 97. 

“ Britzke and Kapustinski, Tzvei. Met., 1931, 1147. 

Britzke and Kapustinski, J. Fhys. Chern., IJ.S.S.R., 1934, 5, 80. 

Nourlot, Goin/pt. rend., 1896, 123, on; Ann. Chvni. Phy.'^., 1899, [7], 17, GlO. 

^ Rose, Poqq. AnnaJen, 1824, 3, 443: Bchneider, ibid., ISGG, 98, 29G; J. vraly. Chcjn., 
1880, [2], 22, 137. 

Britzke and Kapustinski, Zoc. cit.; Zeltsch. anory. Gdiem., 1930, 194, 323. 

■ See also Kohlmeyer, Mctall and Erz, 1932, 29, 105, 481. 

® Relabon, Cortept. read., 1900, 130, 911. 

GJiyanioio, J. CJieni. Soc. Jaqjun, 1932, 53, 788. 

Capitaine, J. Pharm. Chim., 1839, [3], 25, 516: Jannaseb, Zeilsr.h,. anory. Clunn., 
1894, 6, 303; Haidinger, Poqq. Annaien, 1827, ii, 178; Kakle, Zeif.'^rh. Kryd., 1894, 24, 
581; Laspeyres, ibid., 1884, 9, 186. 

Britzke and Kapustinski, Tzvet. Met., 1931, 1147. 

Shakhov and Slobodska, ibid., 1930, 1294; Chirnie et Industrie, 1931, 25, 1126. 
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is complete at 1130° C. By the action of ozone, antimony trisulpliide 
is converted into antimony sulphate.^ 

By prolonged digestion with water the amorphous trisulphide de- 
composes, yielding antimony tri oxide and hydrogen sulphide.- It reacts 
with steam to form an oxysulphidc.^ It is oxidised by hydrogen peroxide 
to sulphate,"^ and even to pentoxide ; ^ ammoniacal solutions of hydrogen 
peroxide and sodium peroxide react to form antimonates.® 

Antimony trisulphide reacts vigorously with lluorine in the cold, 
yielding the trifluoride. Chlorine reacts less vigorously with the heated 
sulphide, which, however, is decomposed by hydrogen chloride.® The 
trisulphide will dissolve in aqueous hydrochloric acid, the solubility 
depending upon the concentration of the acid and of the hydrogen 
sulphide in the solution. If the pressure of hydrogen suljDhide over tlic 
solution is increased, the action is reversed and antimony trisulpliide is 
precipitated. Complete dissolution can be obtained by removal of 
hydrogen sulphide.® Antimony trisulphide is also decomposed by 
bronuhm and b}^ iodine. (For the influence of the halogen acids upon 
the transformation of the amorphous into the crvstalline variety, see 

p- 

Thermal examination of a number of binary sulphide systems in 
wliieh antimony trisulpliide forms one component has been made. 
This includes the systems with bismuth trisulpliide,^- lead sulphide,^® 
tin sulphide, cuprous sulphide, silver sulphide.^® The ternary systems 
copper-antinion 3 '^-sulphur and nickcl-antimony-sulphur have been 
examined. 

Sulphur dioxide has very little action on antinion\^ trisulpliide.^® The 

^ Mailt'erb, Convpl. rtnd., 1882, 94, 1186. 

“ Geiger and Hesse, Amuilen, 1833, 7, 19; Vogel, J. Phanri., 1822, 8, 148; de Cler- 
mont and Fi-ornniel, A/i/i. Chlm.. Phys.^ 1879, [5], 18, 198; Corn/pt. re/id,, 1878, 86, 828; 
J878, 87, 330; IHbers, Cham. ZtU.., 1888, 12, 356; Lesser, Inmuju.raL Dis^^ertahon, Jiarlrn, 
1880; Lang, .1885, 18, 2715; Loiter, MonaPh., 1890, il, 149. 

Megnault, Ann. Chlm. Phy.^., 1836, [2j, 62, 383. 

’ Classen and Bauci-, Pcr.^ 1883, 16, 1067; Thenard, Anyi. Chim.^ 1800, 32, 257. 

Zambelli and Liizzatto, Ann. chini. farm., 1886, [4J, 3, 229. 

Hampe, Cham. Zai.t., 1895, 18, 1899. 

' Aloissan, j\nn. Chlm. Phyn., 1891, [6J, 24, 262. 

^ Tookey, J. Cham. Sac., 1862, 15, ■162; de Ivoniiick and Lecrenier, Zeitsch. anal. 
Cham., 1888, 27, 462. 

Lang, Per., 1885, 18, 2714; Lang and Carson, J. Poe. Cham. Pad., 1902, 21, 1018; 
Warre]i, Cham. Aen;s, 1892, 65, 232. For the application of this reaction in analysis, see 
Field, Cham. News, 1861, 3, 114; Lesser, Inaugural Dissartalion, Barlln, 1886; Ftrotneyer, 
Zjailsch. anal. Chcni., 1870, 9, 264; Kohler, ibid., 1890, 29, 192; Neher, ibid., 1893, 32, 50; 
Loviton, J. Pharm. Chlm., 1888, [5J, 17, 361; ZcUsch. anal. Cham., 1890, 29, 345; Schleier, 
Inaugural DlsuarLaLum, Erlangem, 1892. 

Jannasch and lleniinler. Bar., 1893, 26, 1422; Bartley, Arnarlcan Chamlst, 1875, 5, 

436. 

Schneick'r, Pogg. An/ialtn, 1856, 99, 470; 1860, 109, 610; 1860, no, 150; Bolton, 
Cham. News, 1878, 38, 168. 

Takahashi, Main. Coll. Pel. Kyoto, 1920, 4, 47. 

riaeger and van Kloostcr, Zeitsch. anorg. Cham., 1912, 78, 245; litsuka, Main. Call. 
Scl. Kyoto, 1920, 4, 61. 

Farravaiio and de Cesans, Alii K. Accad. Llncei, 1912, [5J, 21, i, 535. 

1"' Chikashige and Yamancln, Alem. Coll. Pci. Kyfjto, 1916, i, 341. 

Jaeger and van Kloostcr, loc. at.; Konno, Aleyn. Coll. Pci. Kyoto, 1920, 4, 51. 

Gucrtler and Meissner, Malall und Krz, 1921, 18, 410. 

Gucrtler and Schack, Metall und Krz, 1923, 20, 162, 

Berthier, An-n. Chlm. Phys., 1823, [2], 22, 239; Guerout, Compt. rend., 1872, 75, 
1276. See also Bunsen, Annaltn, 1858, 106, 8; 1878, 192, 305; Nilson, Zeitsch. anal. 
Chern., 1877, 16, 419; 1879, 18, 166. 
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trisiilphicle is dissolved slowly by concentrated sulphuric acid, yielding' 
an acid antimony sulphate, sulphur dioxide and sulphur. ^ Dilute 
sul] 3 huric add assists the transformation from the amorphous variety 
to the ervstallinc. By heating with potassium sulphate, potassium 
antimonate is obtained.^ The trisulphide reacts with both sulphuryl 
chloride and thionyl chloride, antimony trichloride being formed in eacli 
ease.^ 

Antimony trisulphide is a^Djoreciably soluble in aqueous ammonia, 
the solubility increasing with rise of temperature. In solutions of 
ammonium carbonate, however, it is practically insoluble.^ Treatment 
with concentrated nitric acid yields a mixture of antimony nitrate and 
sulphate, and with fuming nitric acid a mixture of antimony pentoxide 
and sulphuric acid.^ Hydrogen sulphide is evolved by the action of 
slightly diluted nitric acid (6A") ; this action is retarded by the presence 
of hydrazine. In the presence of the latter a number of secondary 
reactions also occurs.^ The trisulphide is completely converted to 
trichloride by heating with a mixture of ammonium chloride and 
ammonium nitrate.'^ 

A complex reaction takes place wHen antimony trisulphide is heated 
in a current of phosphine, the products being phosphorus, antimony and 
hydrogen sulphide.^ 

Antimony trisulphide is reduced to metallic antimony wdren heated 
with carbon, carbon disulphide also being formed ; ^ it is partially 
reduced by heating in a current of carbon monoxide at red heat.^^ In 
the reaction 

SboS^ -4- 3CO 2Sb + 3COS 

equilibrium moves to the right with rise of temperature.^^ Antimony 
trisulphide also reacts with carbon dioxide at a dull red heat, tlic 
products inciuding sulphur dioxide, carbon monoxide and carbonyl 
sulphide.^" 

When antimony trisulphide is fused with excess of alkali, a mixture 
of alkali antimonite and thioantimonite is produced ; but if excess of the 
trisul])hidc is used, antimony oxysulphide is obtained instead of alkali 
antimonite ; some metallic antimony may be precipitated if the fusion 
is cariied out at a high tenq^erature. Amorphous antimony trisulphide 
is soluble in excess of an aqueous solution of potassium hydroxide, but 
is rcprecijdtatcd on the addition of liydrochloric acid ; the erystalliiie 
form behaves similarly on wnrining.^"^ When heated with potassium 

’ Hcnsgcii, Jlc.c. Trav. ckhn., 1885, 4 , 401. 

“ WUb.sky, ZeUseJi. anal. Chtni., 1872, ii, 121. 

la’inz, AnnaUniy 1.884, 223 , 364; .RiitT, Be?*., 1901, 34 , 1752. 

■' Epik, Zallsch. anal. CJuna.^ 1932, 89 , 17; Garot, J. Chtni., 1843, 29 , 83; 

Gamier, J. Fharni. Chim., 1893, [5], 28 , 97; Capitaiiic, ibid., 1839, 131, 2 S, 510; J. prabt. 
Cham., 1839, 18 , 449. 

^ Bunsen, Anna.ltii, 1858, 106 , 3. 

ivesans, Latvij. llniv. KakMi, 1933, 2 , 311, 317. 

^ Bresonms, Zcitach. anal. Chem.., 1886, 25 , 200; dc Clerinont, Ccrni/pt. rtnd., 1879, 88 , 
972. 

“ Rose, Jbj(j(j. Anna lea, 1830, 20 , 330. 

■* Bertliier, A /in. Chini. J^hyn., 1823, 22 , 239. 

Gobcl, J . ]i'ra]:l. Chun-, 1835, 6 , 388. 

Britzke and Zaetov, M hieralnoe SuiAe, 1931, 5 , 810. 

de Bacbo, Mo/iaish., 1916, 37 , 85. 

Berzelius, SekweiggeA s J., 1822, 34 , 58; Fogg. Annalc/a, 1830, 20 , 365; 1836, 37 , 103. 

Sec also U'eppen, Btr., 1875, 8 , 525; Terreil, Bull. Soc. chim., 1876, [2], 25 , 98. 
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cyanide, partial reduction takes place ; ^ on heating with a mixture of 
potassium cyanide and sodium carbonate a mirror is obtained when the 
reaction is conducted in a current of hydrogen, but not when carbon 
dioxide is substituted for hydrogen. ^ 

Antimony trisulphide is reduced by heating with many metals, 
metallic antimony being formed, wdiich combines with excess of the 
metal to form antimonides.^ 

Sols of antimony trisulphide have been obtained by the action of 
hydrogen sulphide upon water saturated wuth antimony trioxide ; 
or upon a dilute solution of potassium antimonyl tartrate ; ^ or by 
the addition of a few' drops of a solution of potassium sulphide to a 
suspension of amorphous antimony trisulphide in wmter.^ These sols 
vary in colour from blood-red to yellowo They may be purified b\^ 
dialysis, tartaric acid, however, being difficult to separate. Sols free 
from foreirrn matter are stable even on w'armina'. Alanv acids and theii* 
salts cause precipitation of the trisulphide, the efficiency of a salt in 
this respect increasing with the valency of the cation. (Iron, however, 
ap])cars to act exceptionally.’^) 

Two hydrates of antimony trisulphide, namely Sb2S3.2H20 and 
81)083.1120, have been described, but their existence docs not appear 
to have been established definitely.® 

From an examination of the prccijDitates obtained by the action of 
hydrogen sid])hidc upon potassium antimonyl tartrate it has been 
assumed that compounds of antimony trisulphide with hydrogen 
sulphide may exist. Tlie ])rccipitatcs, hownver, are of variable com- 
position.^ 

Compounds of antimony tri sulphide wdth metallic sulphides have 
been described. These have generally been assiuned to be com})lex 
thioantiinonites, related to a number of hypothetical, and complex, thio- 
antimonious acids. Compounds of the types Na-jSbS.^, Na2Sb4S-;, 
XagSb^Sg, NaSbS2 and NalTSb.^S- have been described. Many of them 
occur naturally (see pp. 4-8). Thc\'" may be prepared by fusion, or by the 
action of antimony trisul])hidc upon solutions of the metallic sid[)hides. 
Alkali thioantimonites may be ])rcpared by the action of alkali hydroxide, 

^ Xtose, Pogg. AvruiUn , 1853, 90, 204. 

“ trescniu.s, '' AnlAiurig zur qualilalvi'tn ckemischm Analyse'' (Jiraunscliweig), 1919, 
p. 314. 

^ tor the clieniical reactions of antimony trisulpliidc with other metallic compounds, 
sec Kphraim, '/jQ.ilsch. unorg. C}ui)i}., 1905, 44, 195; Bottger, Jahre,sber., 1869, 1065; 
I'crncui], Compi. rcn.d., 1886, 103, GoO; Bccqucrel, Compt. rend., 1888, 107, 895; Zsig- 
mondy, Dingl. puly. J., 1889, 273, 29; Schurmann, Annalen, 1889, 249, 341; Lindner, 
Zeitsch. Chtm., 1869, 442; Bnnsen, Annalcn, 1858, 106, 4. 

Capitainc, J. Pharrn., 1839, 25, 516; J. prakl. Chem., 1839, 18, 49; Schulzo, J. 
praht. Cheta., 1880, [2J, 27, 320. 

^ hicton, J. Cheni. Soc., 1892, 61, 137; ISchulzc, loc. cU. 

° Dittc, Compi. rv}\d., 1886, 102, 169. 

' Sec also Blitz and Gcibcl, “ Abhdridliingmi der K o nig he ken Cesehschajt der thissc//- 
schajten zu Goliingtn,'' 1906, 141; 1904, 1; Luhavin, J . liuss. C hern. 80 c., 1889,21, 397; 
Sabanejew, W Ltd. Amnalen, 1891, 15, 755; Jablczynski and Przezdziecka-Jedrzejowska, 
Bull. 80 c. chirn., 1925, [-11, 37, 608; Baez. Che'ni., 1925, 5, 173; G hosh and Dhar, Kolloid Zeli., 
1925, 36, 129; iScn, Ganguly and Dhar, J. Fhymcal Chem., 1924, 28, 313; Clemente and 
41wei-Pu Tsai, Cmv. Philippines Natural Applied Science Bulletin, 1931, 1, 319; doshi 
and PrabJm, J . Indian Chem. Soc., 1931, 8, 11; Jablczynski, Kolloid Zeit., 1931, 54, 161. 

® Ditto, Compt. re:nd., 1886, 102, 214; Dexter, Zeitsch. anal. Chem., 1870, 9, 264; 
'Mittstein, 'ibid., 1870, 9, 267; Nilson, ibid., 1877, 16, 418; Matthiew-Plessy, Bulletin de la 
Societe industrielle de Alulhouse, 1855, No. 130. 

^ Linder and Pieton, J . Chtin. Soc., 1892, 61, 133. 
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carbonate or sulphide upon antimony trisulphide ; or by the action of 
alkali sulphide upon antimony tricliloride. Correspoiiding com])ounds 
ot the heavy metals may be obtained by double decompositiond- Thio- 
antimonites of alkali and alkaline earth metals (formerly known as 
“ liver of antimony ”) vary in colour from yellow to reddish-brown, 
those containing the greater proportion of antimony trisulphide having 
the darker colour. Crystalline specimens can be prepared. They melt 
at a low temperature, and are fairly stable when gently heated out of 
contact with air ; they decompose when heated strongly, being con- 
verted into thioantimonates. When heated in air they burn. Thio- 
antimonites of the heavy metals are grey to black in colour, the natural 
products being crystalline, synthetic products amorphous. Some of 
them can be melted without decomposition when heated in the absence 
of air ; but for the most part they decompose readily, forming a sub- 
limate of antimony trisulphide. Heated in air, they are converted to 
oxides, with evolution of sulphur dioxide. 

Only the thioantimonites of the alkali and alkaline earth metals are 
soluble in water. They are for the most part hygroscopic, and many 
are decomposed, as are also their solutions, on exposure to air. The 
natural thioantimonites are decomposed by the action of nitric acid and 
other oxidising agents, and in some cases by hydrochloric acid.“ They 
arc completely decomposed by solutions of alkali sulphides.^ 

The existence of antimony tetrasulphide, Sb2S4, wHich has been 
described as a reddish-yellow or red joowder, does not appear to have 
been fully established. Sev'cral methods for the preparation of this 
powder have been described, including the action of hydrogen sulphide 
upon a hydrochloric acid solution of antimony tetroxide, or potassium 
meta-hypoantimonate, K2Sb205, or upon a solution of the complex 
compound 3 KCL 2 SbCl 4 ; ^ and the action of carbon disulj^hide upon 
antimony pentasulphide.^ On heating it is converted to antimony 
trisulphide. It dissolves in hydrochloric acid yielding hydrogen 
sulphide ; it also dissolves in ammonia forming a yellow solution.^ 
More recently it has been suggested that golden antimony sulphide, 
generally regarded as impure antimony pentasulphide, is really a mixture 

^ Berzehus, ScJiweiggers J., 1812, 6 , 144; J818, 22 , 60; 1822, 34 , /Ur/f/. Atinahn, 

1830, 20 , 365; 1836, 37 , 163; Ditte, Corn^jt. rend,, 1886, 102 , J 68 , 212; Pou^et, ibid., 
1898, 126 , 1144; An‘ih. Chini. Phys., 1809, 18 , 524; Staiiok, Zc.itsch. an.ory. Chtrn., 1808, 
17 , 117; Cngcr, Ardi. Phanri., 1871, [2J, 147 , 198; 1871, 12|, 148 , 2; ilta'lliclot , y[nn, 
Chini. Phys., 18S7, [ 6 ], 10 , 133; Dufios, ScivwtifjyaPs J., 1831, 62 , 210; 1833, 67 , 260; 
Rammelsberij:, Poyy. Annaltn, 1841, 52 , 204; Somriicrlad, Zc.iLsch. (inarfj. Chcni., 1807, 
15 , 173; ISO's, 18 , 420. 

“ Pouget, Conipt. rend., 1897, 124 , 1445; 1898, 126 , 1792; Rlasson, Bar., 1804, 27 , 
2074; Bampe, ZeiLsch. anal. Chcni., 1892, 31 , 320; .Jaiinasch, J. prakf. Cliem., 1880, [ 2 ], 
40 , 230; Zeitsch. anal. Chun., 1894, 33 , 214; Bortlulot, Ann. Chun. Phyn., 1886, ( 6 j, 10 , 
134; Bolton, Chern. News, 1878, 37 , 90; 38 , 168; Miillc.r, Pujy. Annalen^ 1866, 
127 , 413; Marx, CchwtvjyerA J., 1830, 59 , 251; Kohl, Archlv des Apothehereerehis Ini 
nurdlichcn Deutschland, 1826, 17 , 250; BcrLliier, A'nn. Chun. Phys., 1823, 22 , 230; 1824, 
25 , 379. 

^ Doltor, Moaaish., 1800, II, 150; Torreil, Compt. rend., 1870, 69 , 1360. See; also 
Pouget, {bP/., 1897, 124 , 1435; 1899, 129 , 103; Poicck, Pu., 1804, 27 , 1052; 8 (;rono, 
Gazzedta, 1804, 24 , 11, 274; Smith, Per., 1890, 23 , 2276; Bcrglimd, Per., 1.884, 17 , 05; 
Heumann, An-nalen, 1874, 173 , 33. 

Boiiek, J. Chun. Aoc., 1895, 67 , 516. 

^ Mitsoherlich, J. pralct. Chun.., 1840, 19 , 455; VViIm, Zeilsch. anal. Chun., 1801, 30 , 
438; Brauner, J. Chun. Soc., 1895, 67 , 540. 

^ Capitaine, J. Pharni., 1839, 25 , 516; J. prakt. Chern., 1839, 18 , 440. See also 
Websky, ZeiLsch. anal. Chern., 1872, ii, 124. 
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of antimony tetrasnlpbide, antimony trisulphide and free sulphur ; it is 
furtiier daiined that })ure antimony tctrasulphidc may be ol)tained by 
decomposing zinc thioantimonate with dilute hydrochloric acid, accord- 
ing to ilie equation. 

Zip^SboSg -tOlICl -SboS^ +3ZnCi2 tHoS. 4-2noS • 

The tetrasulphide is regarded as being of the type M^(SbS^)^, in the 
special ease when M ^Sb and x =y.^ 

Antimony Pentasulphide, SboSg, appears to have been first 
described by Basil Valentine. Early writers knew it as sulphur aivraturn, 
while Glauber (1654) described it in his ''Pharmacopoeia spagyrica'' as 
Pa n ace a A n tim oni ali s . ^ 

It is doubtful if pure antimony pentasulphide has been pre2)ared, most 
samples, and certainly all commercial products, containing free sulphur; 
possibly no higher sul^^hide exists than antimony tetrasulj^hide.^ A 
fairly pure j^roduct may be obtained by passing hydrogen sulphide 
through a solution containing antimony pentachloride (free from 
ter valent antimony) and 12 to 15 per cent, free hydrochloric acid.^ 
After treatment with carbon disulphide the resulting substance has a 
comioosition corresponding to SboS^, and does not react with ammoniacal 
silver nitrate. 

Commercial antimony pentasulphide, or “ golden antimony 
sulphide,” is as already stated always impure, and is generally sup^^osed 
to be a mixture of antimony tetrasuli^hide and free suljDhur. The usual 
method of 2:>reparation is by the dccom2)osition of an alkali thioantimon- 
ate, such as Schlippe’s salt, XaoSbS4, by means of dilute acid : — 

2Na3SbS4 -!-3H.S04 =(Sb.>S4 + S) -i-3NaoS04 h-3HoS 
2Xa3SbS4 -r 6I-IC1 = (Sb2S4 -r S ) -i- CXaCl + SllS 

Sulphurous acid has also been suggested,^ and is recommended in 
preference to the stronger acids since the evolution of hydrogen sul- 
phide by the latter is objectionable. When sul]:)hurous acid is used, the 
(brmation of excess of free sulphur (which would contaminate the 
])roduct) may be prevented by the careful addition of sodium sidphite.^ 
In order to avoid the 2:)roduction of brownisli 2)roducts the solution must 
l3e kept acid."^ 

Antimony ]:>entasu]phidc is a reddish-yellow or brown powder with 
a faint smell and a swcetisli taste. When heated it loses sul])]iur, 
darkens in colour, and at C. is gradually converted into antimony 

^ Kirchliof, Zcitsdi, anorrj. Chan., 19:^0, II2, 67. 

^ D\'«on, Fharvi. J. and Fhannaclst, 1929, [4], 67, 397, 520. 

2 Kirchliof, Zeilsch. a)i(jr(j. Chem., 1920, 112, 67; Short and Sharpe, India-rubber J., 
1922, 63, 379; J. Sac. Chew.. Jud., 1922, 41, 100 T. 

Schurnianu and Bolim, KautschuJc, 1930, 6, 70, 91, 136. See also Ullmaun, " Knzy- 
klirpadie dtr ttchni^chfn Chemie'^ (Berlin and Vienna), 1928, 2nd Ed., i, 548. 

^ Barbenind. (Hansen), German. Patent, 1926, 492686. 

Hansen, Zetldch. afujew. Cham., 1932, 45. 505, 521. 

' See also Bertscii and llarmsen, (le.nna.n Patent, 1896, 94124; Z.alisch. arujew. Chejn , 
1897, 641; Souv'iron, Pranch Patent, 1925, 605401; Hahn, U.S. Patent, 1928, 1671203; 
Stark, U.S. Patent, 1927, 1633754; Berzelius, SchiceiggeP s J ., 1822, 34, 58; Pogg. Annalen, 
18;10, 20, 365; 1836, 37, 163; Rose, ibid., 1824, 3, 441; Bosek, J . Cfiem. Soo., 1895, 67, 
515; Kienker, J. prakt. Che.in., 1899, [2], 59, 150, 353; Bunsen, Annalen, 1878, 192, 317; 
Wittstein, Viertcdjahren.Hchri.ftjurpraktische Pliarrnacle, 1869, 18, 531; Classen and Bauer, 
Bar., 1883, 16, 1067; Wdlin, 'Zeitsch. anal. Cham., 1891, 30, 444; Thiele, Annalen, 1891, 
263, 371; Brauner, J. Chem. Soc., 1895, 67, 527; Prunier, J. Phann. Chim., 1896, [6], 
3, :^89. 
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trisulphide A When heated in air it is oxidised to antimony trioxideA 
Aviiieh volatilises. It is rediieed to metal by heating iu a earrent of 
hydrogen, and is decomposed by exposure to jnoist air, antimony 
trioxide being formed.^ It is oidy partially oxidised ])y treatment with 
ammoniacal hydrogen 2)eroxidc.^ 

The pentasulpliide is partially soluble in ammonium liydroxide, 
forming a yellowish solution and leaving as residue a mixture of anti- 
mony trisulphide and sulphurA It is decomposed by nitric, acid,^' and 
by hydrochloric acid (density IT 2 ) forming antimony trichloride, 
suli^hiir and hydrogen sulphide ; ” treatment with sulpliuryl chloride 
converts it into antimony pentachloride.^ 

From most commercial samples of antimony pentasulpliide sulphur 
can be removed by treatment with carbon disulphide, or other solvents 
of sulphur, the jiroportion removed depending upon the method of 
preparation of the pentasulphide.'^^ 

■Alkali h^xlroxides and carbonates react with antimony pentasulpliide 
with formation of a mixture of alkali antimonates and thioantimonates, 
the former being precipitated. From the solutions obtained on 
filtering, antimony pentasulpliide is rejirecipitated by the addition 
of acids ; wAile from solutions in alkali carbonate the precipitate consists 
of antimony trisulphide. Barium and strontium hydroxides behave in 
a somewhat similar manner.^® Fusion wdth potassium cyanide causes 
partial reduction, some potassium thioantimonitc being formed. 

Commercial antimony pentasulphide is a mixture of variable com- 
position depending upon the method of manufacture. It is employed 
extensively in the rubber industry, and many methods of assay have 
been proposed. 

Thioantimonates. — Compounds of antimony ])entasid[)hidc are 
known to occur naturally; they have also been prc])ared in a variety 
of ivays. They may be regarded as normal thioantimonates, or salts 
of an unknown acid, thioantimonic acid, Il3SbS4. Salts of the heavy 
metals are best pre]iared from those of the alkali metals by double 
decomposition. The most important of these salts is sodium thio- 
antimonate, Na^ShS^j, known also as Schlippe's salt. It is ]n‘epared by 

^ Hose, Foqcj. Annaltii, 1853, 89, 141; Hefiter, ibid., 1852, 86, 421; J4iul, Zallsch. (i/imI. 
Chem., 1S92, 31, 533. 

- Classeii and Hauer, Bar., 1883, 16, 1071; Vngcr, Arch. BhurnL., 187J, [2], 147, 10(5. 

^ Otto, AmiaUn, 1838, 26, 88; Jahn, Archiv des Ajxjlhckcrcarcins Ivl '/lurdUrha/i 
Deut.schlav.d. 1828, 22, 13. 

Classen and Hauer, Bar., 1883, 16, 1067. 

^ Geievu', Magazin der Bharrnacie, 1830, 29, 241. 

Hagenstccher, Troin'riisdorff’.s Naucs Jownul der Bhui Made, 1820, 3, 1, 301; VVilni, 
Zbiisch. anal. Chern., 1891, 30, 444. 

" 8eher’er, Zeit.sch. a//Lul. Cham., 1804,3,206. !8ee also C'la.ssen and Bauer, /or. ci/.: 
Hunsen, loc. dl.; AVittsteiii, ioc. cit. 

s Hull, Bar., 1901, 34, 1752. 

51ilselierlieh, J. pralct. C/ic/m., 1840, 19, 455; Wilin, loc. cif.; J^osek, loc. r.it.; I\.a,in- 
melsberg, loc. cit.-, Classcui, loc. cit.-, Scliunnaim and Holiin, loc. at.-. Linger, loc. at.; 
Ivlenker, loc. at. 

Alitscheilieli, At-, c//.; HainineLsbera, Ac. c/L ; Kelt and Kubierschkv, liar., 1888,21, 

1660. 

Rose, Bogg. Aioaden, 1853, 90, 207. 

Hock, KniiLschuk, 1925, i, 11; Cliiappero, (Born. Chini. In.d. Agjpl., 1926, 8, 1020; 
Lull and Horritt, J. Soc. Chan, hid., 1921, 40, 275; Kirchhof, ZjdiUch. anorg. Cham., 1920, 
114, 266; van Ros.sem and Dckker, Iiidui-rubbar J., 1920, 60, 905; llutin, A/ni. Chrni. 
anal., 1916, 21, 3, 32; Lehmann and Berdau, Chan. Zentr., 1914, j, 1699; Ak-ock, ,J . 
Bhann., 1913, 91, 213; Jacobsohn, Cham. Zeit., 1908, 32, 984; Chan. ZarUr., 1908, i, 763; 
Giimvii Zeit., 1908, 22, 368; 1909, 23, 1046. 
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the gradual addition of a mixture of antimony trisulphide and sulphur 
to a boiling solution of sodium hydroxide^ aecording to the equation 

.l.S}).S3 -f 8S -i- ISXaOH = oXagSbS^ -r 3XaSb03 -i- OHoO 

The sodium antimonatc formed at the same time is almost completely 
precipitated. Tins reaction ma}^ be employed for the preparation of 
other luetallic thioantimonates since carbonates or sulphides of the 
alkali metals, or hydroxides, carbonates or sulphides of the alkaline earth 
metals may be used in place of sodium hydroxide.- 

Thioantimonates may also be pre]3ared by tlie fusion of antimony 
pentasulphide (or a inixture of antimony trisulphide and sulphur) with 
the sul])hide or carbonate of an alkali metal, ^ or wdth sodium thio- 
sulphate.'^ They arc also obtained by the action of hydrogen sulphide 
upon solutions of alkali ort.ho-antimonatcsr'^ 

Thioantimonates of the alkali or alkaline earth metals are either 
colourless or sliglitly ^mllowish ; those of the heavier metals are darker 
in colour. Salts of the alkali and alkaline earth metals can be heated to 
red heat, in the absence of air, without decomposition ; but in air they 
decompose gradually. The}' are soluble in water, but insoluble in 
alcohol ; tlie aqueous solutions decompose on standing, and also on the 
addition of acids, or of carbon dioxide. Some solid thioantimonates of 
the heavier metals arc dccomj-yosed by the action of mineral acids, with 
formation of antimony pentasulphide.^ 

When a solution of a thioantimonate of an alkali metal is boiled with 
powdered sulphur, alkali thioantimonite is obtained.’^ 

Some metallic sulphides, among them being the sulphides of copper, 
cadmium, mercury and ij’on, are slightly soluble in solutions of alkali 
t h i 0 a n t i m 0 n a. t e s . ^ 

A number of hydrated forms of tliioantimonatcs of alkali metals has 
been prcjnxrcd and descril)ed.‘'^ 

Thermal analysis of tlie system a,.ntimony trioxidc-antimony tri- 
siilj)hide (fig. t) indicates the })rcscnce of an oxysulphide of antimony, 
S 1x^085, win' ell dccom])oscs at 522 ° C. Tliis com])ound has also been 
obtained by the action of dry liydrogcn sulphide rpioii antimony jicnt- 
oxide.^^ Tlic mineral kernic.slie, 281)08.3.811203 or SbyO-jS^, corresponds 

^ Sari oi'iiis, (!hf m. Zc.uir., .1008, i, 2180; Apoth. Zc-.iL, 1908, 23 , 842. 

- Yitscbcrlicli, Jor.. r.t'L; Anndlm, IS^^IO, 49 , 418; .Fammel.sbciv, Anmilm., 

1841, 52 , 2()(); i'cit. and .Kubicr.schky, lor. cii.: 8l:an(4v, Zrilsch. ariorrf. ISOS, 17 , 

122; Dndos, yt/T/zr/? dr.^ Ap()(hck(-n:c.r(-rn,<; ini vordliiAuni J)(ml.^chl(rnd, 1820 , 31 , 94 ; .Buch- 
holz, ibid.y 1880, 33 , 1; PruJiior, J. JAiarni. Chini., 1890, [G], 3 , 289; Poup:or, Com.pt. 
'}C7id., 1898, 126 , 1 144; }Ia,rbacb, Jdxjij. A-niidlc.ii, IS.IG, 99 , 4GO; /Soi'oL, Arch. Sci. pJiijs. 'nat., 
1880, [ 8 ], 16 , 408; von Lk4)]g, A ii'nnlo.n, 1888, 7 , 18; J^asebig, Bcr., 1888, 18 , 274d; Paved, 
Jicr., 1882, 15 , 2008; Classon, J>ar., 1886, 19 , 828; V'orlmann, 1891, 24 , 2762; Palm, 
Zcit.i^cJi. (Dial. C/ie.in., 1888, 22 , 224. Seblippo, Sckvxd.gfjc.rs J., 1821, 33 , 320. 

Donatdi, ZciBcJi. cr/iitL Chr-iri., 1880, 19 , 28. See also Bcckoi% Zr:its:ch. anril. Cfiom., 
1878, 17 , 185. 

Kammelsbe.rg, P<>g(j. A nvnUvy 1841, 52 , 196, 285; Geiger, 4/ery. Jdiarrn., 1830, 29 , 
286; BrmkTnann, JiKvujjnrdl .D/ssrrfdlion, B-rld.-figr//!, 1891; Pougei, A-iin. Chiin. Pliys., 
1899, [7i, 18 , 542; Waekenroder, Arch. JAiarni., 1852, [2], 72 , 257. 

\\\hx)n, (Um (id,! dit. Paltid, 1924,252568. 

‘ .Dulbvs, Arrhtr drd ApoOd h(-.rr(-rei its ini tiordlichrii Deutschland, 1880, 31 , 94; 1881, 
36 , 278. 

Storcdi, Per., 1888, 16 , 2(1 15. Foi' Ibe action of sodium tbioant imonaio on other 
metallic, salt sol iitioms, sec Lamihans, Zrif.^ch. a-nal. Chenn., 1921, 60 , 91. 

•’ Donk, Chem. WeeJMad, 1908, 5 , 529; 1008, 5 , 629. 

Quei’cieh, Aid R. Accad. Lincid, 1912, [5]. 21 , i, 415; Rchumarin, AtmaJen, 1877, 187 , 

312. 
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in composition to the eutectic of antimony trioxide and the above- 
mentioned oxysulphide.^ This substance is also stated to be formed 
by heating antimony trisulphide to a red heat in an atmosphere of 
steamy by the action of dry hydrogen sulphide upon antimony 
trioxide, and by boiling antimony thioiodide, SbSI, with zinc oxide 
and water. The natural mineral is a cherry-red or bright red, brilliant, 



crystalline substance belonging to the monoclinic system,"^ having 
pseudo-rhombic symmetry : 

a : h : e=3'965() : 1 : 0-8535 ; ^=90° 0' 

Its hardness on Mohs’ scale is 1-0 to 1-5, its density 4-5 to 4*6. It inclts 
easily when heated in the blowpipe flame. It is decomposed when 
heated in a current of hyxlrogen ; it is soluble in hydrochloric acid, and 
in a solution of ])otassium hydroxide, but is insoluble in a dilute solution 
of tartaric acid.^’ 

A'ntiinonyl Thioantim.oiiate, (SbO) 3 SbS 4 , is obtained by the action 
of sodium thioantimonatc on potassium antimonyl tartrate.” 

If the fused oxysulphides of antimony arc cooled (juickly, tliey arc 
converted into glass-like substances, known sometimes as “antimony 
glass.” 

Many of the substances that have been described as oxysidphidcs 
of antimony are most probably mixtures.^ Some of these, known 
as kermes viineral, were formerly used medicinally, Thev were very 

1 Qiiercigh, Ion. cif. 

- ’Regnaiilt, Ann. Chim. Phys., 1S36, 62, 383. 

^ Sclincidor, Pogg. Anna-ten, 1800, no, 151. 

^ Pjaiiitski, ZaAnch. Kry.'^f.. Jfin., 1891, 20, 422, 

5 Ivose, Pogg. Annnte.n, 1824, 3, 482; 1853, 89, 318. 

Baiibigny, Co/njjl. rend., 1894, 119, 737. 

■ Kaminelsberg, Pogg. Annrsltn, 1811, 52 , 230. 

® Paktor, P/iarni. Post, 1900, 33, 233; Proust, Cllbeii-'s Annaltn, 1807, 25, 180; 
Berzelius, SekireiggcPs J., 1822, 34, 08; Pogg, Amialen, 1830, 20, 305; 1830, 37, 103; 
W c-vner, J. praJet. Ckcrn., 1837, 12, 53; Soubeiran, J.PJi/irni., 1824, 10, 528; “ Miniei'C et 
Fonderie d'Antimonio,'’ German Patent, 1905, 160110. 
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variable in composition. Many methods of preparation were em- 
ployed.^ A somewhat similar preparation was given in the British 
Bharmaeopccia, under the name of Antimoniuvi Sulphur atum, but has 
been omitted sinee 1932 . 

Allied to these oxysulphides is a potassium eompound, KoHSbOoSo. 
2H2O (the only metallic compound of this nature that has been 
described), which may be obtained in the form of yellowish, needle-like 
cr^'^stals by the aetion of a moderately concentrated solution of potassium 
hydroxide upon antimony pentasulphidc,- or upon a mixture of anti- 
mony trisulphidc and sulphur.^ 

The existence of sulphite of antimony is doubtful.^ 

Normal Antimony Sulphate, Sb2(S04)3, may be obtained by 
crystallisation from a hot solution of antimony trioxide in concentrated 
siiljohuric acid/ or by the action of concentrated sulphuric acid upon 
antimon}' trisulphide or antimony suljohide ore.^ It crystallises in thin, 
four-sided prisms, density 3 * 6246 . It is stable in dry air, but deliquesces 
in moist air. It is decomj^osed by water, forming a variety of basic 
compounds. It absorbs dry hydrogen chloride, and may perhaps form 
a complex chlorosulphate.'^ It forms double salts, of the general 
formula SbM' (804)2, with the sulphates of the alkali metals, the alkaline 
earth metals and silver.® 

Many basic sulphates of antimony have been described, among 
them being the compounds 7813003.803 ; 7813003.2803 ; 2Sb203.S03 ; 

’ Sec l^olacci, BolUlvno cliimico Jar maccutico Mailandy 1906, 45, 401; Bougoult, J. 
Vliaryn. Chim.y 190.3, 6, ]8, 500, .547; Comj)t. rerid., 1903, 137, 497; Long, J. Araer. ChcMi. 
Soc.y 1806, 18, 342; Baubigny, Corn.jyt. rend., 1894, 119, 687; Carnot, ibid., 1886, 103, 
258; Ze.itsch. anal. Chem., 1888, 27, 651; Tcclu, Dingl. poly. J., 1880, 236, 336; Weppen, 
Ber., 1875, 8, 523; Tcrrcil, Cowjd. rend., 1873, 77, 1500; Bull. Soc. chim., 1876, [2], 25, 
98; tsilson, /jcMhcJi. anal. Clic:.m.., 1877, 16, 424; Unger, Arch. P'ha.rm., 1871, [2], 145, 15; 
Akci'inaiin, Ofvers. K. Vet. Akad. Fork., 1861, 235; J. prakt. Chem., 1862, 86, 57; Mchu, 
J. Fiinrm. Chlrn., 1868, [41, 8, 99; Wagner, Wagner's Jahresber., 1858, 235; 1862, 331; 
Bicklicr, Phenes Jah.rh. riiarni., 1856, 6, 260; Bottger, J. praki. Chem., 1857, 70, 437 ; Petten- 
kofer and Ung(;r, J)ingl. poly. J., 1849, 113, 215; Bimly, Annalen, 1842, 43, 150; Strohl, 
J. Bharw. Chini.., 1849, [3], 16, 11; Soubeiran, J. Bharrn., 1841, 27, 294; Kosmann, 
J. Bharni. Chini., 1850, [3J, 18, 321; Buchholz, Berlinisches Jahrbiich der Pliarmacie, 
1839, 29, 1, 26; Bose, Pogg. Annalen, 1829, 17, 324; 1833, 28, 481; 1839, 47, 323; 
BraTuIes, ArcJilv drs J\poLhel:errerevns ini nordlichen Deutschland, 1831, 37, 257; Sch- 
v'AwggcFs J 18.31, 62, 209; Buchner, Pe.pertomim f iir die Pharmaeie, 1822, 13, 169, 203; 
./, Bharrn. Chun., 1830, [2'], 16, 51; Bnflos, ArcMv des A 2 yothekervc.reins im nordlichen 
Benfsrhland, 1829, 31, 94; 1831, 36, 278; Schweigger's J., 1831, 62, 210; 1833, 67, 269; 
Aiehir Jur die gr.^fnnle iXalnrlehre, 1830, 19, 61, 289; Gay-Lnssac, Ann. Chini. Phys., 1829, 
42, 87; Schv.'ciggeFs ./., 1829, 57, 252; Pogg. Annalen, 1829, 17, .320; Geiger, Bcperl.orium 
f hr die. Pharmaetc, 1 829, 9, 274; von Liebig, Jlago-zindcr Pharniacie, 1831, 35, 120; Annnlcni, 
IS.3.3, 7, 1; 1839, 31, 57; Hcnnsniann, Tasrhenbuch f ilr ScheidekilnstJer und A^iolhckcr, 
1822, 184; Ilc'iiry, J. Pharni., 1828, 14, 145; Pagcnslccbcr, Repcrtoriuni fur die Phar- 
niarie, 1822, 14, 194, 545; Plnllips, Annals cjJ Philosophy, 1825, 25, 378; Vogel, ScJi- 
yrcigr/ers J., 1822, 33, 29 L ; Thomson, Schueiggers J., 1815, 17, 396; Ann. Chun., 1815, 
93, j.38; Bobiqnot, Awn. Chirn., 1812, 8l, 317; Schrader, Gehlenls aJlg. J. Chem., 1807, 
3, 159; Cliizcl, Ann. Chun., 1807, 63, 155; Thenard, Ann. Chim., 1800, 32, 257; Foucroy, 
Crr/hs Annalen, .1778, i, 423; GcoiTroy, Alcrn. Paris Acad.., 1734, 503; 17.35, 94. 

- BamiTK'lsberg, Pogg. Annale.n, 1841, 52, 190; SchilT, Annalen, 1860, 114, 202; 
Mc(,!a,y, Arner. Cfaun. J., 1806, 17, 770. 

Wcinland and Guiinnn?], Zeitsch. anorg. Chew., 1898, 17, 414-. 

•’ R(3hrig, J. praki. Chem., 1888, [2J, 37, 241. 

.l){‘xt,er, ./. prakt. Chem., 1869, 106, 1.34; Schultz-Sellack, Be.r., 1871, 4, 1.3; Hensgem, 
Bee. Frav. chun., 1 SS4, 4, 101; .Adio, J. Chem. Bor., 1890, 57, 540. 

J-b'nsij:('n, Inr. e/I.: Mc'tzl, Zdlseh. anorg. Che.w., 11.106, 48, 146; Ce.rman Patewl, 1904-, 
161776. ‘ Ilcnsgcn, Loc. cit. 

8 Cntmann, Arch. TBin.rni., 1898, 236, 477; 1908, 246, 187; Alotzl, loc. cit.; Knhl, 
Zeiisch. anorg. Chern., 1907, 54, 256. 
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(Sb0)2S04 ; SSbo^s-SSOo ; Sb203.2S03. They arc obtained by tlie 
decomposition of normal antimony sulphate by water. ^ Basic sulphates 
haA-e also been obtained by fusing either antimony or antimony tri- 
sulphide Avith potassium hydrogen sulphate.^ 

By the action of fuming sulphuric acid on antimony trioxide, an 
acid sulphate, Sbo03.4-S03, has been obtained in the form of small, 
brilliant, granular (‘.rystals, readily decomposed by Avatcr.^ 

By adding a hydrochloric acid solution of antimony trioxide to one 
containing a mixture of sodium thiosulphate and the chloride of an 
alkali or alkaline earth metal, several metallic antimony thiosulphates, 
or stibiothiosulphates, have been obtained. The mixture is maintained 
at a temperatTire of about 3 ° C. These salts, Avith the exception of those 
of sodium, ealeium and strontium, may be crystallised out by the 
addition of alcoliol. 

Potassium Stibiothiosulphate, 1x3813(8003)3, forms silk-like, 
needle-shaped crystals resembling asbestos. It is very soluble in Avatcr, 
but decomposes on boiling, A-vith formation of the orange-red oxysulphide 
8bQ038(5. The rubidium and barium salts have also been obtained. 
The salts of sodium, calcium and strontium exist only in solution. The 
potassium salt appears to have the constitution represented bv the 
formula Sb[8.80o.OK]3. 

By the hydrolysis of these alkali stibiothiosulphates fairly stable 
sols of antimony pentasulphide may be obtained.^ 

Axtiaioxy AXD Seldxium. 

8eAmral compounds of antimony and selenium have been reported, 
but it is probable that the only true compound is antimony triselenide, 
Sbo8e3. Thermal analysis,*^ supported by thermoelectric and micro- 
scopical examination, suggests that the so-called compound 8b2Se7 is a 
mixture of antimony triselciiide with selenium, and that the existence of 
the conpAOunds 81^803 and 8133804 is doubtful. Some evidence in favour 
of the existence ol‘ the compound SbSe has been adduced from micro- 
scopic iiiA'cstigation and inA'cstigations of electromotive behaviour.'^ 

Antimony triselenide is obtained by the action of a saturated solution 
of hydrogen sclenidc upon a solution of an antimony salt.^ It is a 
brown poAvder, melting at 572 ° C. and soluble in hot alkali solutions. It 
forms conpmuuds AActh other metallic sclcnidcs.^ 

Antimony ]Aentaselenidc is said to be formed by the action of hot 
hydrochloric acid u] 3 on a. solution of sodium sclenoantimonatc, X"a3Sb8e4. 
The pentasclenide has not been obtained, hoAvcA'cr, ])y ])reeipitation 
with hydrogen sclenidc. 

^ Metz], loc. cit.; Adie, loo. cit.; Dexter, loc. cit.; Peligol, Chim. Fh//s., 1S3 7, 

[:p, 20, 2S.3. 

- Wehsky, Zeilsch. anal. Chcjii., ]S72, ii, 124. 

^ Schultz-Sellack, lu-r., 3 871, 4, 112. 
von Szilagyi, ZeitscJi,. anorg. Uhmn., n)2(3, 113, 00. 

^ von Hahn, Kollaid Zr-nf., J022, 31, 200. 

Parravano, Gazzc.tta, 1914, 43, i, 210; Pelabon, J. Chnn. Phys., 1004, 2, .421; Cmnpt. 
U'vd.. 1000, 142, 207; 1011, 153, 444; 1014, 158, 10(50; Ann. Chun.., 1020, [O], 13, 121; 
lloiacko]', Annulrn, 1858, 107, 0; C'hretKni, Cdjvryf. rni/fl., 1000, 142, 1440, 1-112; Phika- 
fthiue and Fnjila., Coll. Sc/. Kydl.u, 1017, 2, 24!k 

‘ Kreniann aiul Wittek, Znf.sch. MCalUuutdc; 1021, 13, 00. 

“ Aloser and Atynski, 1025, 45, 245; Uelsniann, Annalon, 1800, 116, 12-1. 

^ Pclabon, Cornpt. rend., 1008, 146, 975. Sec also Padoa, Oazzet(a,A{}'21, 57, 490. 
Hofacker, loc. cit.; Moser and Atynski, Uc. at. 
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Two antimony selenites, SboSe^O^ and Sb2Se40^j, have been 
described ; both were obtained by the action of selenium dioxide upon 
autiinou}' trioxide. ^ 

Antimony Selenate, Sb2(Se04)3, is obtained as small, white, 
crystalline ])risms by dissolving antimony in hot selenic acid. It is not 
decomposed by water, nor will it dissolve in water ; it is soluble in hot 
selenic acid, but only slightly soluble in other acids.- 

Two compounds of antijnony, sulphur and selenium, SboSoSe and 
SboS^Sco, have also been described.^ 

Complex selenoantimonites and selenoantimonates (corre- 
sponding to tlie thioantimonites and thioantimonates) of sodium, 
potassium, and possibly of manganese, have been prepared.^ The 
selenoantimonites, XagSbScg.OlIgO, K 3 SbSe 3 . 9 HoO, Xa2Sb4Sc^, 
KoSb^Se^.^lHoO, are obtained by the action of antimony triselenide 
upon the corresponding alkali selenide. Sodium selenoantimonatc, 
X^a.jSbSc^.OHoO, is obtained by fusing together antimony triselenide, 
selenium, sodium carbonate and carbon, extracting the melt with 
water and treating the solution so obtained with more selenium. Trans- 
parent, orange-yellow crystals, isomorphous with those of sodium 
thioantimonate, arc obtained. 

Still more com] 3 lex compounds of sodium and potassium with 
antimony, sulphur and selenium have been described.^ 

Antimony and Tellurium. 

Examination of the system antimony-tellurium indicates the 
existence of antimony tritelluride, SboTe^, which can be melted 
without decomposition.^ Antimony tritelluride has also been prepared 
i'rom solutions of antimony salts b\^ precipitation with liydrogcn 
telluridc.^ 

Antimony and XTtrogen. 

It is doubtful if direct combination occurs between antimony and 
nitrogen, although an unstable ])Owder is formed wiicn antimony is 
heated at a dull red heat in a current of nitrogen.^ Antimony nitride 
is said to be formed by the action of antimony trieliloilde on liquid 
aiumonia.^ It is described as an orange substance, extremely sensitive 
to moisture ; it is decomposed into the elements on heating to 500 "^ C. 

A basic nitrate of antimony, possibly 2Sb203.Xh20-, is obtained, 
mixed with the oxides of antimony, by the action of nitric acid u])on 
antimony, the formation of the nitrate being favoured by using cold 
add a.s dilute as possiblc.^^ The presence of nitrous acid accelerates the 

^ NiUon, Bull. Sac. cliirn., ISTo, [2], 23, 499. 

- CartK'rori and Macallan, /Voc. Jloy. Boc., 1889, 46, 33. 

von Gerichten, Bur., 1874, 7, 30; Hofacker, loc. cit. 

rouget, Ann. Chivi. Bhyr., J89<), [7J, 18, odO; Hofacker, Annnlcn, 1878, 107, 6. 

Pougot, loc. ciL: Hofacker, loc. cit. 

“ Endo, Bn. Bcp. T(jfioku Imp. (Inin., 1927, 16, 201; Kiinala, Mnn. Cull. Bn. Kyoto, 
1917, I, 117; Padoa, Cozzclta, 1927, 57, 399. 

Tiu-ukl, Momilsh., 1924, 45, 471. 

IlrraiU, Ccnujil. rrttd., .1888, 107, 420. 

'' Schwarz and dcarnnairc, Bcr., 19.32, 65 B, 1002. 

Hiu'hholz, T(ischf nbiich f dr Scficiik'kunnllcr unit Apolfu-Ltr, 1S(J0, 89; PclignA, A/ul. 
Chlni. Bhyn., 1847, X.3], 20, 28.3; Annalen, 1847, 64, 281; Rose, Poyy. Annulcn, 1841, 53, 
101; Lcforl, J. Bhann. Chinn., 1877, [3], 28, 9,3, 
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action.^ A somewhat similar compound is obtained the reduction 
of a solution of silver nitrate with metallic antimony.- 

It is stated that normal antimony nitrate, Sb(N03)3, may be 
obtained by the action of silver nitrate upon a solution of antimony 
trichloride in acetone.^ The normal nitrate, how'cvcr, does not a])])car 
to have been isolated. 

A eomjmund of quinquevalent antimony, ‘iSboO-.XoO-, has been 
obtained by the action of nitrogen tetroxiele upon a solution of antimony 
tribroinidc in chloroform, or of antimony triiodidc in ctJier. It is a 
wliitc, crystalline substance, not decomposed by waiter.'^ 

Axtivtony and Piiospitorus. 

Antimony Phosphide, SbP, has been obtained by the fusion oC 
antimony with metaphos]>horic acid or phosphorus.^’ The substance 
obtained by the action of phosj^horus upon a solution of antimony 
ti'ibromide in carbon disulphide may perhaps be antimony ])hosphide.' 

Antimonyl Dihydrogen Phosphite, (Sb0)H2P03, has been 
obtained by the action of jDhosjDhorous acid upon antimony trioxide,® 
and also by the action of potassium antimonyl tartrate upon an 
ammoniacal solution of phospliorus trichloride.^ It is a wdn'te powder, 
w'hich, in solution iii dilute hydrochloric acid, is ca})able of acting as a 
reducing agent. 

Antimony Phosphate is said to be obtained by heating together 
either antimony or antimony trichloride and ciystallinc phosphoric acid ; 
the ]:)i’oduet may be purified by treatment withaeid ammonium ]ohosphate. 
A dihydrate has been described, which is slightly soluble both in waiter 
and alcohol, and wliich is not hydrolysed wdien wurmed with w^atcr. 

Antimony Pyrophosphate, 'iSboCo.^lPoO^, is obtained ])y dissolv- 
ing antimony trioxide in orthophosphoric acid; and by boiling the 
ti'ioxidc with a solution of sodium ]:)yrop}ios])hate.'‘- By hydroly^sis 
two other substances are obtained, 481)303. Po()- and ‘iSboGo-PoO^. 

Antimony Thiophosphate, SbPS,^, is obtained as a residue, after 
I be (A'olution of antinioiiy tliiocliloridc; a]ui ])bos{)borus jientachloilde, 
on heating togelher antimony trichloride (or antimony tilsulphide) and 
])bospboriis pcntasul])hidc. It is a yellow' ])owa!(-im\Iuc.h has an odour 
of liych-ogen sulphide. It is decom[)osc(l by heating. It is insoluble in 
w'ater, dilute hydrochloric and sulphuric adds and various organics 
solvents, but it is decom])osed l)y treatment with concentrated sulpliLule 
add, alkalis or even ammonium hydroxid(e 

^ Millon, Alin. Chhn. 19.42, [31, 6 , 101, 

- S('ii(ler('ns, Jh/ll. Soc. r'kir/i., ISUO, [.3], 15 , 218. 

Xaiininna, Per., 1004, 37 , 4333. 

' Tlioaia.s, ( Py)ii'pl . rciid 1805, 120 , 1116. 

•’ I’rlldu'r, Airn. L7il2, j 1], 13 , 132. 

*’ La!i(l_ur(‘!)(', Sch. ivfAjfjri' s J , 1828, 53 , 4fl0 

‘ Uanisny a.nd Ma.clvor, Hor., 1873, 6 , I3()2; Rcu', however, lUicres 6 )r,sVc./-r. (Jh()i}. ZAt., 

1 SOS, I, 0 (. 

^ ( ; iai 1 zner, Arch. Phann,, 1S07, 235 , 001. 

■' Uos(‘, I'oijij. Aminlrn, 1820 , 9 , 45 . 

llorsch, PraLiikd Abid. A Ihc/io/i-, 1028, 2 , 517; CAiOii. Zt./ilr., 1028, 11 , 2032 
•" l>raii(l('.^, Sc.JnrLKjfjcr' s J 1831, 62 , 201. 

8 e.hwarz('n l)erLj:, A inifdr.ii 1848, 6 s, 2- >S(‘e also Ih'aiid, Zj( ilsc}i. hikiI. Phi to., 1 SSO 

28 , 500. 

Cdaizcd, PU.r., 180.1, 24 , 3880; Zcilsch. anonj. Ckcm., JS03, 4 , 24 0. 



Antimony and Arsenic. 


A coDi])oiin(I of antimony and arsenic, SboAs, has been described,^ 
but a more recent study of the system, antimony-arsenic has failed to 
eonfirm its existence. “ Arsenic is frequently associated with native 
antimoin', as in the mineral alleinontite.^ 


Detection and Estimation of Antimony. 

Dry Reactions. — Antimony comj^ounds, vdien heated on charcoal in 
the blowpipe flame, are reduced to metal (particularh^ if previously 
mixed with fusion mixture), but the metal volatilises and burns to 
antimony tri oxide. By depositing the oxide on a glazed porcelain 
surface, adding a spot oi' silver nitrate, and blowing a current of gaseous 
ammonia on to the silver nitrate a black stain is obtained. Alter- 
natively, if the white incrustation which remains on the charcoal is 
moistened with ammonium sulphide solution, a deep orange stain is 
produced. 

Wet Reactions.— When a current of hydrogen sulphide is passed 
through a solution containing antimony ions, an orange-coloured 
precipitate of antimony sulphide is obtained, the composition of which 
varies according to the state of oxidation of the antimony. This pre- 
cipitate is more soluble than the corresponding arsenic sulphide, but less 
so than tin sulphide. It is soluble in alkalis and alkali sulphides (in- 
cluding ammonium polysulphide), and reprecipitated from solution by 
the addition of acid. Arsenic and tin sulphides behave similarly, but 
antimony may be separated from these elements and identified by one 
of the following methods : — 

[a) Marsh’s test (see p. 116 ) is ap])lied, and the evolved gases passed 
into a neutral solution of silver nitrate. The precipitate is filtered off, 
washed, and treated with concentrated hydrochloric acid to dissolve 
any silver antimonide formed. Antimony can then be identified in this 
solution by dilution and treatment with .hydrogen sulphide. 

{b) Antimon\^ and tin sulphides are soluble in concentrated hydro- 
chloric acid, but arsenic sulphide is not appreciably so. If a picx'C of 
platinum foil and a little zinc arc placed in this solution the presence of 
antimony is indicated by the formation of a black stain on the platinum, 
which docs not disappear on removal of the zinc. 

(c) Arsenic sulphide may be separated as in (b) by treatment with 
concentrated hydrochloric acid ; antimoiu’ and tin arc detected in the 
solution by making use of the different solubilities of their sulphides in 
the acid.^ 

{cl) Arsenic and antimony may be detected in an acid solution 
containing an excess of tin by the addition of a little stannous chloride, 
followed by sodium bisidphitc or sulphurous acid a drop at a time. The 
hydrogen sul]:)hide tinis liberated first precipitates arsenic trisulphidc, 

' [)fsca,rn])s, do/irpi. rr/id., 1878, 86, 1060. 

- Carrav.'ino and do (tsan’s, in.lmud,. M (-lallogrif phia, I 9 I d, 2, 70. 

•' UainiiU'l^l)(‘r\L!, Idppj. Aniidlc.n, l.S-EI, 62, 1.07; (E'lilh, Aniar, J. Acl., ES02, [2], 33, 
10(.); J3r/arri, (dizzcfhi, ISSG, 15 , 84-0. 

Treadwell and iiall, ‘■'AnalyLical (Xew York), oth Ed., 1921, I, 

293 . 
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and afterwards antimony trisulphide. Under these conditions no tin 
sulphide is precipitated.^ 

An important test for antimony is Marsh's test, which is carried out 
in a manner similar to that employed for arsenic (see this Series, Vol. 
Xl, Part R"). Stibinc, which is produced in this test, is decomposed at 
a lower temperature than arsine, and the antimony mirror is usually 
Jbrmed in front of the constriction in. the heated tube ; this antimony 
mirror is not readily soluble in bleaching powder solution. (It is 
important that the bleaching powder solution should be freshh'^ pre])ared, 
as old solutions always contain some chlorite, in which the antimony 
deposit is soluble.^) The deposits produced by arsenic and antimony 
in this test may be identified individually by passing a current of hydro- 
gen sulphide through the heated tube in the reverse direction to tluit 
taken hv the gases evolved from the generating flask : a yellow de]X)sit 
indicates arsenic, while an orange-red deposit indicates antimoin’. 
Turther eontirmation may be obtained by passing a current of dry 
liydrogen chloride through the tube ; the antimony sul))hide is removed 
while the arsenic sul])hide remains. Marsh’s test for antimo^iy is 
sensitive to 0-0002 mg.^ 

Antimony compounds arc readily hydrolysed, yielding, witli cold 
water, insoluble basic salts. If boiling water is used, hydrolysis some- 
times proceeds a further stage witli the formation of antiitionic acid or 
hydrated antimon}- oxides. The insoluble residues are, in general, 
redissolvcd on acidifying. 

The more difTieultly soluble antimony salts may be dissolved in 
liquids containing tartaric acid or tartrates, tlic resulting solutions 
being stable only wlicn neutral or alkaline ; on acidifying, insoluble 
h}hroxidcs or hydrated oxides are produced. 

Antimonious compounds luay be distinguished froiu antim.onie 
compounds by the action of hydriodic acid, or ])otassium iodide in acid 
solution ; iodine is liberated by antimonie com]X)iuids but not by 
antimonioiis com]:)Ounds.^ 

Gravimetric Methods. — The method most usually ctdopted for fhe 
cstimalion of antimony is by precipitation oJ‘ the trisulphide. ^ Tlie 
suipliide, wiiieh is ])i’eei])itatcd from a. cold, ac-id solution (tlx; solution 
being raised to boiling towards the end of the ])rccipitation ). is t iioroughly 
washed, dried and coiiN'crtcd to black ciystalline antimony ti’isnlj)h,ide 
(by heating in a curj'cnt of carbon dioxide), in which foi-ni it is wcsglied.^ 
The blac'k, crystalline product may be ]:)roduced dirc‘e.t if tlie ])i’ccipita- 
tion is eari'icd out in a hot solution rendered strongly acid witli hydro- 
cliloric acid.' 

Antimony may also be estimated as letroxidc ® hy precipitating h'/st 

^ .Donat h, Cfiarn. Zeii., 1932, 56 , 483. 

- Vaiibcl and Knockc, Chc-m. ZeiL, ]91C, 40 , 209. 

^ Sclienchcr, MonaUli., 1921, 42 , 411. ADo Sanecr and GiLsun, J. tSoc. Chcht,. Jud.^ 
1907, 26 , 080 . 

See al.'io Duquenois, Corn-pl. rctid., 1933, 197 , 339; Caille and Viol, ibid., 1923, 176 , 

1 ir>(). 

Ifenz, Znlsch. munyj. CVao//., i!h9.3, 37 , iS. 

Paul, 7j' : i,''v.!L. (utal. Ulicm., 1892, 31 , . 110 . 

* \'()r(niar)n and .'vletzi, Z( ti-sch. (inaL Cite//!., P.lo.l, 44 , 129). Sfu uP.o Mauulioi, 
(d'assl and Seln'ee!)eL\e;er, Zcib'^ch. (tual. Chf ui., P.)21, 67 , 177. 

Biin.^(U), A-n nnli'ti, 1818, 106 , 3; 1878, 192 , 310; Biainck, Zf-ilsch. (itial. ('lu.m., 1891, 
34 , 171; Kossine, ibbt., J9U2, 41 , 9; Ilcniz, loc. ciL; iiaubignv, Cijvrpt. rtniL, 1897, 124 , 
499. 



COMPOUNDS OF ANTIMONY. 


117 


as trioxidc, oxidising this precipitate with nitric acid and igniting the 
residue carefully at 800° C. 

In the presence ol sodium potassium tartrate, and in faintly acid 
solution, pyrogallol ^ will precipitate antimony quantitatively^ 

Volumetric Methods.^ — (a) Potassium hromciie Method. In this 
method, tervalent antimony is oxidised to quincpievalent by the action 
of jmtassium broinatc : — 

KBrO., A 3SbCl3 + 6HC1 =3SbCl5 -f KBr + 3lIoO 

The substance containing antimony is dissolved in concentrated hydro- 
chloric acid to which bromine lias been added. Excess of bromine is 
removed by boiling, and the solution reduced by the addition of sodium 
sulphite solution. The hot solution is then titrated with standard 
potassium bromate solution until the colour of methyl orange is de- 
stroyed. The presence of calcium, magnesium and ammonium salts in 
quantit}' tends to give high results, while excess of copper obscures the 
end-point. If copper is present in any quantity, it is advisable to 
remove it before estimating the antimonyM Solutions containing 
antimony in the quinqucvalent condition may be completely reduced by 
mercury in the ])rcscncc of 3 to 4xV ITCL The reduction should be 
carried out in an atmosphere of carbon dioxide. The antimony may 
then be estimated in such solutions by the bromate method.^ 

{(j) Potassium Iodide Method. In this method the sample is dis- 
solved in liydrochloi'ic^ acid to which a little potassium chlorate has been 
added. Excess of chlorine is removed and potassium iodide added ; 
the liberated iodine is then titrated with a standard solution of sodium 
thiosulpliatc. 

(c) Iodine Method. The solution is made in liydrochloric acid ; 
tartaric acid is added and the mixture neutralised with sodium carbonate. 
The solution is now made faintly acid, a saturated solution of sodium 
bicarbonate is added and the mixture is titrated with standard iodine 
solution.^ 

Other volumcti’ic* methods have been suggested involving the use 
of the following solutions : potassium permanganate," potassium di- 
chroniatc,^ cerium sulphate^ and titanium chloride. Chloramine-T 
(sodium p-tolLienesul])honcchloramidc) may also be employed either for 
potcntiometi'ic or visual titration of antimony. x\ hydrochloric acid 

^ ZtUsrJi. aiicd. ChehL, 11)21, 64, 41. 

- 8co also Wengea- and Paraud, Av/n. Chem. a/u/L, 19213, [2], 5, 230; Darling, Cliem.. 
Ev.(j., 1.9] 9, 27, ] 1, 03; Chtui: Zdt., 1919, ii, 890; 1920, li, 750; Cohen and Morgan, 
Analje'<l, 1909, 34, 3. 

Schnudl, CVn///. Zd.L, 1910, 34, -153. 

‘1 Cyca'v, ZoidrJi. nndl. Oho-ui., 1893, 32, 415; Duncan, Clhc/ni. Eews, 1907, 95, 49; 
Ni.sscnson and Siodke-, ('ft(jn. Zeit., 190.3, 27, 749; Howell, J. Eoc. Clicm. Jnd., 190G, 25, 
1181 ; Nikasono aTid Inoko, J. (Jhc/tiL. Soc. Jfvpd-ii., 192G, 47, -0; Presehar, Pkcrn/i. Ze/ilr.-h., 
192-1, 65, ()] ; Zinil and MaUenherg, Her., 1923, 56 B, 472; Jarvincss, Zeitsch. anal. 
Chern., 1923, 62, IS-1; iU'ans, AnahjHi, 1932, 57, 554. 

^ iMcCay, /vn/. Pjtuj Clic.rn., Anal. IZl., 1933, 5> t. 

Brukl, M hbyoche-imv, 1923, i, 54; Kolb and Formhals, Zeitsch. anorg. Chem., 1008, 
58, 202; Szebellhdy, ZcUsch. anal. Chem., 1930, 81, 36. 

' Collenbcrg ainl Bakka, Zeitsch. anal. Chem., 1923, 63, 229; Knop, ibid., 1923, 63, 
81; hinck, Chan. Zeit., 1922, 46, 790. 

^ Idoysher, J . Amer. Chem. Soc., 1924, 46, 2725. 

^ 3’hirman, ■ibid., 1932, 54, 4235. 

Oliveri?, A^n.n. chim.. a.p-plicata, 1931, 21, 211. 

Tomicck and Sucliarda, Casopis CesJcoslov Lckarnictva, 1931, ii, 285, 309, 320. 



ns ANTIMONY AND BISMUTH. 

solution is used, with, in the case of visual titration, methyl red as 
indicator. 

Electrolytic Titration of antimony ^ may be carried out in a boiling 
solution in dilute hydrochloric acid containing hydroxylaminc hydro- 
chloride. The initial current should be 3-20 amperes at a pressure of 
2 volts. 

Electrolytic Methods. — The quantitative electrodeposition of 
antimony from acid solutions presents considerable difficulties, but the 
method has been emplo^^ed for the estimation of the metal. Solutions 
of sodium or ammonium thioantimonite or thioantimonate are more 
usually employed. The presence of joolysulphides interferes seriously 
with the deposition, but their influence may be minimised by the 
addition of sodium sulphite ^ or potassium cyanide.^ 

Microanalytical Methods for antimony have also been described.^ 

^ Grosset, Bull. Soc. cldm. Belg., 1933, 42, 269. 

- Lukas and Jilek, Chem. Listy, 1926, 20, 63, 130, 170; Schleicher, Toussaint and 
Troquay, Zeiisch. anal. Gheyn., 1926, 69, 39; Schock and Brown, Eighth Lnieryi. Cong. 
Aj-ij). Chem., 1912, 21, 81. 

^ Lecrenier, Clieni. Zeit.y 1889, 13, 1219. 

Fischer, Be/r., 1903, 36, 2048; Zeitscli. anorg. Chem.., 1904, 42, 363; Hollard, BulL 
jSoc. chirn.y 1900, [3], 23, 292; Henz, Zeitsch. ayiorg. Chcni., 1903, 37, 31. Also Ost and 
Klapproth, Zeitsch. wngew. Cliehi., 1900, 13, 828; Foerster and Wolf, Zeitsch. ElehLrochein., 

1907, 13, 205; Dormaar, Chem. Weekblad, 1907, 4, 55; Schocn, Zeitsch. Elelclrochem., 

1908, 14,257; Cohen, Zeitsch. Elektrochern.y 1908, 14, 301; Mazzucchclli and Tonini, 
AUi li. Accad. Lmcei, 1923, [5], 32, ii, 290; Lassieur, Conipt. rend., 1923, 177, 263; Parodi 
and Mascazzini, Zeitsch. anal. Chern., 1879, 18, 587; Luckow, ibid., 1880, 19, 13; Classen 
and Keiss, Ber., 188J, 14, 1629; 1884, 17, 2474; 1885, 18, 408; 1894, 27, 2074. 

^ Ordosen and Rcssy, Bull. Soc. chim., 1923, [5], 33, 991; Brukl, loc. cit.; Sjollcma, 
Chern. Weehblad, 1908, 5, 11; Schoorl, Zeitsch. anal. Oheni., 1908, 47, 367. 



CHAPTER III. 


BISMUTH AND ITS ALLOYS. 

Symbol, Bi. Atomic Number, 83. Atomic Weight, 209-00 (0=16). 

Occurrence. — Although numerous minerals containing bismuth have 
been described, very few occur in sufficient quantity to be of economic 
importance. In general they occur in metalliferous ^^eins associated 
with ores of cobalt, nickel, lead, zinc, tin, silver, etc. The more im- 
portant ores are those containing native bismuth , bisrnuthinite or bismuth 
glance, BioS.^, tetradijynite (sulphide and telluride of bismuth), hismite or 
bismuth ochre, BioO-j, and bismutite, Bi2O3.CO2.H2O. Deposits occur in 
many parts of the world, those of Bolivia being the most productive 
on account of the bismuth minerals in the mountain of Tazna situated in 
that country.^ The deposits in Germany,^ Czechoslovakia and Hungary 
are mainly of historical importance. Deposits have also been found in 
Spain. ^ Bismuth-bearing minerals have so far been found only in small 
quantities in the British Empire, but attempts have been made to 
develop those of Australia. Native bismuth and bisrnuthinite have 
been found in the wolfram- and cassitcritc-bcaring veins of Lower 
Burma. ^ The compositions of some minerals from Vasko (Hungary) 
are given in the Jbliowing tabic : — ^ 


COMPOSITION OF SOME BISMUTH MINERALS 
FROM HUNGARY. 



i 

Bismuthinite, 

j 

Co.-salilc, 
PboBioS., or 
2PbS.BioS,,. 

Rezbanyite, 
Cu,>Pb.jBi^oSic, or 
CuA.3PbS.5BLS,. 

Bismuth 

80-04 

76-74 

41-75 

59-28 

59-22 

Copper . 

0-57 

0-93 

3-41 

4-17 

4-09 

Silver 


. . 

0-32 



Lead 

0-G9 

3-29 

37-68 

18-38 

18-10 

Iron 

0-40 

0-11 

0-68 

0-46 

0-42 

Sulphur . 

18-46 

18-62 

15-92 

17-85 

17-86 

Silica 


0-43 



0-12 

Total 

100-16 

100-12 

99-76 

100-14 

99-81 


1 Alilfiold, Zcilsck, prahL. GtoL, 1932, 40 , 119. - Kiihiie, Chem. Krcla, .1932, 7 , 503. 

•' Jliniru/ JouT/ud, Annual Itciievj j\iifnber, 1930, 28. 

Pascoe, Records Gaol. Ruruty Lidia, 1930, 64 , 344. 

Kocli, Maientalik. es Ttrineszeihidomdiiyi Erfesito, 1930,47, 227 ; CtiUr. Mintral. 

GeoL, 1930, A, 49. 
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An examination of the gcologieal formation of tlie deposits in South 
x\mcriea ^ suggested tliat as native bismuth was found in the ipyper 
oxidised ]:)ortions of the deposit, it should be regarded as of sceondary 
formation, the ])rimary material being bismuthinite. 

Details of some of tlie more important bismuth minerals arc given in 
tlie tables on pages 120-123, in which the vmrious ininerals are grouj^cd 
together according to their composition. The formuhe are included to 
gi^'e some indication of the com]:>osition, and do not necessarily represent 
dclinite chemical compounds.- 

Early History — Apparently the first mention of bismuth as a true 
metal was made by Agrieola in tlie sixteenth century ; he describes it 
as a form of lead and outlines a ])roeess ot extraction by liepiatioji. 
Bismuth was ])robably known at a much earlier date, but as it was 
i'rcqiiently referred to as marcasite—^ name used for many different 
matci'ials — tlie early lustory is confused. Paracelsus in the early 
sixteenth century regarded bismuth as a semi-metal. It was found 
associated with ores of tin in Saxony, and during extraction bismuth and 
tin were melted together, the tin tluis becoming brittle and hard. 
ilcferciK‘C to the discovery of bismuth in Europe was made by a Soutli 
American jn'icst in a report prepared by him on the metal resources of 
Sonth. America.'^ He wrote : Bismutli was discovered a lew \mars 
ago, iji the Sudnos Olountains of Bohemia ; it is a metal somewhat like 
a cross between Tin and Lead, witliout being cither of the two.'’ 

The metal a])pcars to have been used cliiefly i)i tlie manufacture of 
]:)cwter, the addition of bismuth making the metal more sonorous. 

The cliernistry of bismuth and its com})oimds was investigated by 
Lcmcry,'^ Pott,^ (icoffroy," Bcrgmann,® Dav\y''^ Lagerhjelm,^^ Muir and 
his eollabo]*ato]'s, and otliers. 

The origin of the name is not known with certainty. It has bccji 
derived conjecturaily from Arabic and fi'om Persian, but it is possibly 
oi’ Uerman origin, eomuat.ed witli a miners’ term ids nuii (weissc masse) 
jneaning white jnass.” 

Extraction. — Formerly bismuth, was extracted ])rincipal]y from 

^ -Kilt], J!er. JluK-.ni Sue. Ar'jcjiUjta {.IJitcjius 1950, 2, J. 

- tor I'urlluT iniriC'.ralouicnl data and analysis, sc>c Dana, Sf/df.cui uj M ruK ralufjij'' 
(IvOndon and York), (iili iuk, 1S99; A ])})(■. H'll.c /, 1899; Aviic.i'jIlj: 1 1 , 1900; Ap})C:.ii '(l l.e 
III, !919. Tlie econo niio aspect is diseais.scd b}' Altai, " Jlu/U/gra pk or/. .Mln'-.ruL lLC-<()urc('.s 
'U'/iih Sj/rc/ftl /i’pV'/voa.v, lu (he IrrUiAh JA'i/)iri\ Ao. IS, Jj/.'/rti i<lh. Ores "' (i.ondon), A 

iablioyi’apliy is al.laelied. 

•' Aarieola, " JJc. re. nut'tlllc.a"' ikisilii'C, mdcS, 41)9: li’anslated by iioovea' (London), 
1912: "])c val.UTd. Jossi.h/unA Basdite, IddS, 8.47. See also IMaUlussius, Bery- Pu.slcll, 

Xurnkery, lobe, 895: Jnbavius, “./A /uiliira. nirdalOyru ni,'' j-d'ancofurti, IGO'l. 

]>arba, ''' I'll A r! a dc. l<rs I\I dales" (Sjiain), 1040: translation l>y Douglas and eiaihcu'- 
son (Xew York), 1928, p. 55. 

Lcniery, " Co/rrs de. Chlmit"' (Baris), 1G75. 

" Obsorved iUiium cl art h/tad.uo scOrnnn diyrrucv.'ni do v.'isi/nLlhs'' (Berokni), 1789. 

‘ DoolTroy, Mr )/!. Acad., 1758, 29(3. 

Bergniann, " Dc. 'u/.i i/c ra.ni.fii doci rndsia liDnula" (Upsala), 17S(). 

^ Davy, Id/ti. I'r/m.^o, 1812, I 02 , 1()9. 

iL:iy(.'!'!i jclin, A////. Clmii. Idri/s., ISIS, [ d'l, 9.y 1(31. See also Kopiy Oc’scli./c/dc' d( r 
(' is in ( Di-;! inischweia), 1818 lo ISi'^, 4, 110; Lip})rnann, "Btc (dsrh./c.hla dcs ASsau/ls 
:./r/ <cl/‘ ■//■ I !l)() tind ISHf)'' (Bei'lin), 1980. I'ur an liisioiacaJ account ol tlie use of bismuth 
III |)lia i niai'y, st'c !)y,-oM, Bh/ir/n. J 1928, 120, 242. 

\'on \.\\)\)\\\vu\\\, " I'Ads’a hii.iiij ‘j nd. A. n.'^brdhi laj (b r A.lcdu nil/A'' (Brn'lln), 1919, ]). (){2; 
linil/.c, "" 1 1 a iidliijc.h. (hr M 1 lairalncj k."' ( i.ei])/ig), 1'991, I, 128; lioifniaiin, X ciK'S J/dt'i h. 
Mu/., 1878, 291 ; von !\ obeli, OVs-r/n'r/dc drr M / n(rr(do(jic"' (Miiiiclien), 189-1-, G04; Bular.cl, 
" Lcxtcu)/, alchciiii(A' (Uraiieofurti), 1G12; Matihesius, lac. cit. 
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native ores b}" the process of liquation. The ore was heated in inclined 
cylindrical furnaces and the molten bismuth allowed to How away from 
the gangiie. This crude bismuth was afterwards refined by an oxidising 
fusion, sometimes followed by poling. iVs native ores are, however, 
always associated with oxide or sulphide minerals, or both, neither oC 
which can be treated satisfactorily by liquation, the process is now obsolete. 

Bismuth ores do not occur commonl}^ in sufficient quantities to 
justify direct treatment, but in such cases the main ]:>rinciples undcr- 
lyiiig the extraction are, firsthg the maintaining of a low temperature on 
account of the volatility of the metal, and secondly, the use of fluxes 
suitable for the formation of a fusible slag of a sufficiently low density 
to enable the metal to separate. The operation may be carried out 
either in crucibles or in reverberatory furnaces. (1) In the case of 
oxide ores — which are comparatively unimportant — charcoal or other 
form of carbon is used as the reducing agent, the fluxes being sodium 
carbonate, lime and oxide of iron or oxide of manganese. (2) In the 
case of sulphide ores, particularly if associated with sulphides of arsenic 
and antimony, the ore is first roasted ; arsenic and antimony are thus 
converted into oxides, partly volatilised and partly removed as scum, 
while bismuth is converted into a mixture of oxide and sulphate. 
Reduction to metal is earified out as for oxide ores with the addition of 
a little iron to remove sulphur. In Bolivia, where the sulphide ore is 
sufficiently rich and plentiful to be of economic value, smelting with iron 
is practised, either with or without a preliminary roasting. If there is 
a preliminary roasting, some bismuth is liable to be coii verted into 
bismuth sulphate, which ultimately will tend to pass into a matte. The 
fusion is carried out in crucibles and reverberatory furnaces, the fused 
products consisting of crude metallic, bismuth, a matte containing 
copper with 5 to 8 per cent, bismuth, and slag. The matte is sub- 
sequently treated in a similar manner until its bismuth content is 
reduced to 2 to S per cent. Both metal and final matte arc tlicn refined.^ 
The roasting of bismuth sulphide ores presents some difficulty, as tlic 
elimination of sulpliur is usually incomplete unless either an excess of 
oxide is ]Dresent, or special precautions arc taken.- 

The crude metal obtained in this manner may be refined l)y an 
oxidising fusion which removes lead and other easily oxidised metals ; 
the addition of bismuth sulphide assists in the removal of ('op])er as 
sulphide. The resulting metal is then })oled. Frequently bismuthyl 
chloride is used as a flux in this refining ])roccss. A considerable 
quantity of crude bismuth, however, is converted directly into pharma- 
ceutical products, and for this purpose wet methods arc usually 
employed. Electrolytic refining processes are now more general for 
the purpose of obtaining junu .metallic bismutli (see p. 146). 

As has been mentioned, in most localities bismuth ores arc associated 
with ores of other metals, notably lead, tin,^ cop]:)cr, iiicikcl, cobalt, 
antimony, arsenic, gold and silver. From these ores the bulk of the 
world's su])ply is now obtained, and the method ado])ted I'or the extrac- 
tion of the bismuth (le])ends lo a, large extent upon the natures of ilui 

^ Sclinaljcl (translaUu] hy 11. Louis), " JJ(i}id!jO(ih c/J (London), 2nd 141., 

1007, 2, -105; (Rowland, ''Thr. Mflallurgi/ of t hr. No/i-Ffrro}/.'^ (l^oinOai, tOJ i), 

[). 4()6; .Tricdc, Mclnll v.tiil .Erz, 1028, 25, ddO. 

- Sclicnck and .Spoekniann, ZtdscJi. anorg, Clirni.^ 192>2, 206 , 278; .Koldtiicyta-, (Jc.rinaii: 
Patent, lOoO, 554337; Schocllcr, J. Soc. Cham. J-nd., 1015, 34 , {>. 8 co also p. lOS. 

^ ''Mineral Picsources of the. United Slates of America^ 1928, Part 1, A 18. 
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associated minerals, although in some cases the ores may be concentrated 
by the usual mechanical processes and the bismuth concentrates treated 
sejDaratcly. Lead-bismuth ores are usually treated as for the extraction 
of lead, and the crude product subsequently desilverised b}^ the Parkes 
])roccss ; much of the bismuth is retained in the desilverised lead. This 
is then subjected to the Tredinnick-Pattinson process — a modification 
of the Pattinson process for the desilverising of lead — whereby the 
bismuth is concentrated in a small quantity of lead.^ The bismuth-lead 
alloy is then treated by the Betts electrohdic process. “ In this process 
the electrolyte is composed of an acid solution of lead fluosilicatc con- 
taining free Innlrofluosilicic acid; the cells are of concrete Avith a lining 
of asphalt and are arranged in cascade, there being usualh^ seven cells 
in cascade. Tlie general arrangement is similar to that employed for 
the electrolytic refining of copper. The current density is 1-8 to I* 9 
amperes per square decimetre, and the potential drop between electrodes 
is 0-35 to 0-4 volt at the beginning, rising to 0-65 to 0-70 A'olt at the 
eighth day. The electrolyte is made to circulate through the cells. 
The anodes are composed of crude lead containing 2 per cent, of im- 
jyurities, including bismuth. Antimon}-' is usually present, and is an 
advantage, as it adheres to the anode, and during the process forms 
with lead a protectiA'^e network Avhich remains in ]Aosition after the bulk 
of tlic lead has })een dissolved, thus holding the slime, Avhich can be 
Avithdra.Avn Avith the used anode. Bismuth is found in tliesc slimes, the 
treatment of Avhicli depends A’ery largely upon their composition. This 
treatment has not been fully published. In one ])rocess the slimes are 
fused Avith alkalies under oxidising conditions, Avith the addition of 
sodium sulphide if copper is ])rescnt. Arsenic*, lead and copper pass into 
the slag and the bisinuth, Avith gold and sihmr, is cast into anodes.^ In 
a second ])roccss if gold and silver arc ]Arescnt these arc removed first, 
folloAVcd by antimony, Avhicli is partly couAxrtcd info lead antimoiiitc 
slag. By a further oxidation fusion copper is oxidised, and co]q)cr oxide 
and bismuth collect as a slag, from Avhich the bismuth c*an be olTaincd 
cleefrolytically,^ In the electrolytic refining of the slimes, the clcc*tro- 
lyte; is cithei’ a solutioji of bismuth methyl sulphate (1- per cent.) con- 
taining methyl hydrogen sul]:)hate (10 ])cr cent.), or a solution of bismuth 
chloride Avith sufficient hydrochloric acid (10 per cent.) to prcAmnt 
hydrolysis.'' In the latter ease the current density is 1 -5 to 3-3 amperes 
per square decimetre and the jAotcntial drop 0-5 to 1 Amltf' 

Many other processes haAm also ])cen suggested ibr the rceoA'ery of 
bismuth both fi’om ores aiul alloy residues.” 

1 Xewnam, 'J'rans. Arntr. Inst. Min. I'inr;., .1917, 57 , 784. 

- ILtts, V.S. Paient, 1902, 73 3277; ''Lead Pefminr/ by Elec,lrolysi;f'' (Xoav York), 
1908; Linp:l<^ncl., Trans. Amo.r. Elaclrnchern. Sac., 1.930, S7> ^ ~7. 8 cc also Seliaehterle 
and Licoko, Melall nnd Krz, 1928, 25 , 637. 

Hayward, "An Outline, of .MeUdlurgi cal Practice'" (Xcav York, 1.920), p. 329. 

J''jiiyland, loc. cit. 

^ Betts, loc. cit., p. 89: van Lrckolen.s, P/ig. Jlfin.infj J., 1931, 132 , 160; Oonaliiio, 
Trans. Aincr. Llrriroche.rn . Aac., 1930, 57 , 173: Korn ami doncs, ibid.., 277. 

** ITaA'ward, lor. cit. 

^ Tinkland, O’nrnbull and .VUdntvro, V.A. Palml, 1931, 1801339; 1932, 1810028; 

l5('Uortr)n, ITS. JTfcnf, 1932, 187373-1, 1873.737, 1873736: Sniilli, ll.S. JTlrjit, 1932, 
1870388, J870I-70: tjnyhmd, '.rurnbiill and M(dnlvr(y (tan.adian Palend., 1932, 324777; 
i.'.X)\\\\TJ' rails. A nar. Lh'clrorhr in. SdC., 1931,59, 0)7; K roll, jl/e/e// nnd A7v, 1922, 19 , 3 J 8 ; 
IJ.S. Talrvl, 1922, bl28()ll ; Creene, IJ.S. JbiUnt, 1931. 1821634; Smith, U.S. Patent, 1931, 
1809871; vSmitli and blaf'k, J un., U.S. Paient, 1931, 1816620; Bonalme, U.S. Patent, lOilO, 
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ANALYSIS OF ANODES OF CRUDE BISMUTH 


(As used for Electrolytic* Rcdning).’ 



1 

Peru, 

Australia. 

United States. 

j 

Mexico. 1 

1 

Bismutli 

. ; 

93-37 

94-10 

90-45 

95-03 

9:t-00 

Antimony 


4*57 

2-62 

0-19 

Traee 

0-n 

Arsenic . 



0-92 

0-26 

Trace ; 


Copper . 


2-06 

]-94 

3-71 

2-97 

0-48 

Lead 

. 1 



1-32 

0-87 i 

2-20 

Sulphur . 



0-43 

0-99 

0-21 


Iron 




I-3I 

0-45 


Silver 

•1 



186-1 oz. 
per ton 

156-1 oz. 
per ton 

3-20 

! 


i 


An earlier method for the extraction of bismuth from bismuOi-lead 
ores ijivolved the process of eupellation. Bismuth will not oxidise until 
all the lead is oxidised ; part of it, therefore, during eupellation, will 
pass into the silver, and part into the final litharge produced. Bismuth 
inaA’^ be recovered from the latter by dissolving in hydrochloric acid and 
precipitating as bismuthyl chloride, which, in turn, may either be used 
as such, or may be reduced by heating with charcoal and sodium 
carbonate. Gold and silver may be removed from bismuth by the 
addition of a little zinc to the molten metal and treating as in the 
Parkes desilvcrising process. 

Wet processes are seldom used for the extraction of the metal but 
arc mainly employed for the preparation of medicinal and plianria- 
ceutical ]oroducts. In general, the ore is dissolved in hydrochloric acTd, 
acpia regia or sulphuric acid, and from the solution bismuth is pre- 
ci])itated by iron. If liydrochloric acid is used as the solvent, bismuthyl 
chloi-ide is ])rc(a])itatcd, and from this the metal is obtained as prcx'iouslv 
described. “ The impure ])ismnth may be refined by li(]uation, dissoh ed 
in nitric acid, ])recif)itat(al as basic nitrate, rcdissolvcd in nitric acid and 
]ircci]htated as liyclroxidc by ammonia : this bismutli liydroxide, aftcu' 
washing and drying, may be reduced l)y hydrogen. Most plianna- 
ceuLical prcjiarations arc to-day made from rchned bismuth. 

The method employed in Norway by tlie Norsk Ilydro-Electi-isk 
Kx'aelstof Akticselskab ^ involves the treatment of l)ismiith oi-cs with 
crude nitric^ acid obtained by the solution of oxides of nitrogen in water. 
If the ore contains bismuth trioxidc the action is simple neutralisation 
according to the equation 

Bi.O.. -rOlINO., = 2Bi(N03)3 +8IUO 

The ac'tion is more com])licated wlicn sul])])ide ores are ti'cated. The 
ore is first ])art ially roasted, ground finely, and added to tlic crude niti'ic 

’ Kern and rdnic-s, 'I'rnni. A 'ltirr. Klrrlrorltf-.in . Sor., 1080, 57, 2r>'7. 

- llci'U'], (‘tail ■>/ hdJ'Jrz, ] 0.80, 27, OOT ; l.G. KarlK'nind. A.G., dirhuin. 1027, 

8OSO1M; OiiLianaihciin Bros., (xcriuiin. Pdltnl, 1028, 808800; KaIi-( duninu; Add, OV 
Palri.,L 1920, 8-14088. 
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acid. The main reaction may perhaps be represented by the equation 
BioS3 + 8HNO3 = 2Bi(N03)3 + 2X0 + IH^O + 3 S 


When the aeid is almost completely neutralised, the lye is removed, 
concentrated and poured into milk of lime. Bismuth trioxide is thus 
precipitated and calcium nitrate remains in solution : 

2 Bi(N 03 ) 3 -f 3Ca(OH)o =Bi 203 + 3 Ca(N 03 )o T 3 H 2 O 


This process is used mainly for the jDroduction of salts of bismuth. 

Pure bismuth may also be obtained by converting the nitrate into 
oxide and reducing the oxide by fusion with potassium cyanide. A 
further purification may be effected by liquation. Bismuth containing 
less than 0-01 per cent, of impurities (the chief of which is copper) 
has been obtained.^ Below are given the upper and lower limits 
of the impurities present in six samples of bismuth examined spectro- 
graphically.'^ 


Copper 
Silver 
Tellurium 
Thallium . 
Lead 


0*001 to 0*006 per cent. 
0*006 to 0*046 
0*000 to 0*004 
0*000 to 0*005 
0*002 to 0*061 


Total 0*009 to 0*122 


Physical Properties of Bismuth. 

It is possible that bismuth can exist in several allotropic forms, but 
the evidence at present available is not conclusive. Transition points 
have been reported, occurring at 75° C.,^ 112° C. and 116° C.^ In 
addition, it has been suggested that a cubic modification of bismuth 
exists at temperatures just below the melting jDoint, changing into the 
hexagonal form at a sliglitly lower temperature. Xo direct evidence 
has been obtained for the existence of cubic bismuth, but a transforma- 
tion of tin’s order miglit possibly afford an explanation of the cracks 
which arc set up during the growth of a single bismuth crystal ; evidence 
for the existence of such cracks is abundant,^ but it is more probable 
tliat they arc due to impurities.'^ A com])arison of the electrical 
rcsistaiicc of unauncaled bismuth with that of the slowly-cooled metal 
indicates that a. transformation occurs^ between 100° and 180° C. 
Investigation of the thermal and electrical properties of very pure 
bismuth, containing less than 0*01 per cent, of impurities (consisting of 
])Iatinu]n, silver and iron), failed to reveal any transition point at 75° C. 

^ Mybus and (n-oschidT, Zcilsch. (inorg. Cho.m.., I91f), 96 , 297. tAr a. genoral account 
of the oeeurrt'.ncc, extraction, recovci’y, refining and economics of bismuth, sec iJ .S. 
Hvroctii of SlaoidfrrrL'!, 11)90, Obrm/./^/r An. 382 ; Strom, Mining J., } 935, 13 d, 20. 

- Goetz and Focke, J^/rys. .Ju.vifv', 1934, 45 , 170. 

Cohen and Moesveld, Zc.U-M>. phy.siJcaJ. Chf-rri., 1913, 85, 419; Chora. \\ cthblad, 1913, 
10 , 650. 

-kijiecke, ZofisrJi. physiJaiL Cho/ni., 19.15, 90 , 313. 

Knpjtza, Jd-or. Roy. Soc., 1928, I 19 A, 358. 

'■ Selincidcr, JOiys. Jif ririr, 1928, [2 1, 31 , 251; Boydaton, ibid., 1927, [2], 30 , 911; 
Bridgman, .Rroc. Amor, Arad. Arl-s Sci., 1925, 60 , 361 ; 1929, 63 , 351 ; Borelius and Lindli, 
Ann.: JR,ysih. 1916, 51 , 607. 

7 W'ebstcr, Rroc. Roy. Roc., 1931, 133 A, 1()2. 

^ Bietenpol and iMiley, Rhys. Rtritw, 1929, [2], 34 , 1588. 
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or near the melting point. The temperature-resistance eiirvc shows no 
inflections between -190'’ and 271° C. Photomicrographs failed to 
show any difference in the structure of bismuth chilled at various 
temperatures.^ Evidence derived from the investigation of the thermal 
expansion of a bismuth single crystal has yielded interesting results 
with reference to the possible allotropic change at 75° C. When the 
thermal expansion is determined by ordinar}' methods there is a definite 
discontinuity on the temperature-expansion curve at 75° C. No such 
discontinuity was at hrst observed when measurements vrere made on 
the crystal lattice by X-raysy but a later investigation revealed a 
small but definite increase in the coefficient of expansion between 70° 
and 80° C. It is possible, therefore, that an allotropic change docs occur 
at approximately 75° C., but the nature of the change, if it exists, has 
not been determined. It is probable that another modification of 
bismuth is obtained at the ordinary temperature by the application of 
pressure of the order of 25,000 kilograms per sq. cm. Since the 
transition to this new form is accompanied by a reduction in volume of 
about 9 per cent., it is deduced that this modification should be formed 
from the liquid with a contraction of the order of 4 per cent. This new 
form of bismuth appears to be analogous to the high-pressure modifica- 
tion of iec.^ 

Bismuth is a white metal, having a slight reddisli tinge and a brilliant 
metallic lustre. It is very brittle and can easily be powdered ; it can, 
however, be worked to a very slight extent by very careful hammering. 
It crystallises in rhombohedra belonging to the hexagonal system*' 

c : c = l : 1-8035 ; a -87° 34' 

The examination of bismuth crystals by X-rays indicates tliat the 
metal crystallises in the di-hexagonal class of the hexagonal system : 
the structure is that of a facc-ccntrcd lattice, the bismuth atoms lying 
on two interpenetrating face-centred rhombohedral lattices.'' The unit 
rhomb contains eight atoms, the length of the edge lying between 
6-52 X cm. and 6*57 x cm. The length of the edge of unit 
structure is 3-28 x I0~® cm. The three edges of the rhombohedron meet 
in the trigonal axis, and the angle between ain^ two of the edges is 
87° 34'. The angles between the faces have been determined. The 
crystals have perfect cleavage parallel to the (111) ])}anc and pcr]rcn- 
dieular to the trigonal axis, but the cleavage is not so good jxirallel to 

1 Scliulzc, Zeilsch. M cAaJlhunda, 1930, 22 , 194; Zdlsch. tech. Physik, .1 9 ;) 0 , 10 , KJ. 

- Goetz and Hergenrother, Phys. Rtview, 1932, 40 , 643. 

^ day, Froc. Rdy. Roc., J9,34, 143 A, 465. 

Bridgman, Phys. Pdvip.ny .1934, [2], 45 , 841. For further dlseu.^sion of tlio allotropy 
of bismut ii, SCO Goeiz and Hasler, Phys. PEVieu', 1930, 36 , 1752; Cart wright, Pr.rirsf: Pr/i. 
Jftslrumc'/ifs, 1932, 3 , 73; Tammann and Kohlhaas, Zr./lsch. anory. Chon, 193], 199 , 
209; Bridgman, Proc. Amer. Acad. Arts Sci., 1921, 56 , 115; Cohen and .Moosfeld, br-/.s7. 
Ahid. WdcnscJi. Aarslardain, 1920, 28 , 762: Wurschmidt, Jahrb. M/n., 1917, i, Bel'. 2; 
Bar. dtiU. yhysihal. Cps., 1913, 15 , 1027; 1914, 16 , 799; Cohen, /'/•or. K . Ahad. WpiPurcJi. 
AmsiP.rdxvni, 1915, 17 , 1236; Curie, J. JRrysipjv.p., .1895, 4 , 206; Aoyaina and Monna, Sri.. 
Rpj). Toholcii Pnrp. P-mr., 1931, 23 , 52. 

Grotb, Chrsn. Krij.’^laJInrfra.phlo,, 1906, I, 18, 22; Piishin, Z/pitsch.. (nirrr/j. Chr//)., 
1 903, 36 , 2-13; Marcliand and Scheerer, J. prra.hi. Chem., 1883, [2 ], 27 , 1 93 ; Si ollri, J . prakl. 
Chcvi., 1865, 96 , 183; Rose, iV/g. AiDialtn, 1840, 77 , 143; (RK'snevdle, d . Phnnn., 1830, 
16 , 554. 

Goldschmidt, Zp.ds('Ji.. 2 >hysihal. Chern., 1928, 133 , 397; Hassel and Mark, Zotsch. 
Physily 1924, 23 , 260; Ogg, Phil, Mag., 1921, [ 6 ], 42 , 163; dames, ibid., p. 193; Johnson, 
Cerdr. Min., 1916, 385, 
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the (111) ]:)lancs. The “atomic diameter,” or closest approach of two 
atoms, ^ is 3TlxlO~® cm. Bismuth crystallises from the melt in 
skeleton rhombohedra of the form indicated. “ The structures of 
spluttered and evaporated bismuth films ^ and of electrolytic bismuth ^ 
have also been described. Native bismuth probably has not preserved 
its primary structure,'"' The spontaneous erystallisino’ power of bismuth 
has been in^mstio'ated.^ X-rays do not appear to alter the structure 
of bismuth during crystallisation.' Investigation of the variation of 
certain physical ]oropcrtics of bismuth witli crystal deformation has 
suggested that a secondary or ‘‘ mosaic ” structure is superimposed 
upon the lattice, and that this mosaic ” structure, which is perfectly 
regular, is ea]:)ablc of undergoing deformation without alteration of the 
crystal lattice itself.^ 

Single crystals of bismutli have been prepared ^ and tlicir properties 
examined. On account of their anisotropic nature they have received 
considerable attention. The different values that have been obtained 
b}' different investigators for some of the properties may be due to 
imperfections in the crystal, for it is claimed that slight strains set up 
during tlie growth of a bismuth crystal have a great influence on the 
orientation of the trigoiial axis of the crystal lattice ; in addition, as has 
been meiitioned j^i'eviously, cracks may develop in the crystal at a 
temperature just below the melting point. The effect of a magnetic 
field upon the growth of a bismuth single crystal has been examined, 
and the results of tliese investigations lend support to the theory of 
mosaic ” structure. 

The density of bismuth (Df') is 0-80. That of single crystals 
grown under normal conditions is 0-82 to 0*83 : it is affected by the 
presence oi' a magnetic field during the growth of the crystal. 

The coefficient of thermal cxpcnision {linear) is 12*08 x between 

^ Soo Bra, Q, O', Phil. Mag., ]020, [G]’ 40:> B)9. 

- For Innbcr discussion of crystal structure, sec also .jouos, Proc. Pioy. Soc., 1934, 
147 A, 40-1; Adinolfi, Ac??//. Acc/id. Sci. KapoU, 1930, [3], 36 , 60; 'Davey, Phys. P(o:ir:w, 
1925, 25 , 7.~)3; iMcKccliaTi, J. FranUtu, 1923, 195 , 91. 

Kahler, P/'ii/s. Picanav.y 1021, 18 , 210. See also Biisscm, Gross and Herrmann, Zaif.sch. 
PhyM:, 1930, 64 , AM. 

Stillwell and And riel li, A incr. Chain. For.., 1032, 54 , 472; HiraXa, Ele.c. Review 
{Jayan), 1 92S, 16 , GOl, 761. 

Carpenter and Tamiira, liuJL Just. Altrirtaj and Me.laUvrgy, 1928, No. 282. 

Fekier, ZeifycJi. a.norg. Chon., 1912, 78 , 178. 

" Kostaiini, Alh Jl. Accad. Lined-, 1928, [01, 7 , G4G; Adinolfi, ibid., 1020, [ 6 ], i, 382; 
1928, [OJ, 8 , 381. 

® Zwicky, Pror.. Nat. Acad. ScL, 1029, 15 , 816; Goetz, Phys. Po.dr.w, 1930, 35 , 193; 
Ooel/, and fiastar, ibaL, 1930, 36 , 1702; Goetz and Fockc, Phys. Rtr.lew, 1031, 37 , 10-14. 
See also Hlewart a ml. .Morrow, Phys. Review, 1927, 30 , 232. 

von Compc'i'z, Zdlsch-. Physik, 1922, 8 , 184; ObreiTnov and Shubnikov, Trans. 
Phy-^. RrcJi. Lab, Lonnyrad., 1925, lOO, 21; ShubndvOv, Proc. Acad. Fci. Anistcrd-am, 
1039, 33 , 327, Goetz, Phys. Re.daiv, 1930, 35 , 193. 

Fieri and Fereies, Line. Rend-., 1921, 30 , 464; Goetz and .Haslcr, Proc. Nat. Acad. 
Sci., 1929, 16 , 646; Jar. r.if.; Goetz, Joe. cif.; Goetz and Focke, Ion. cii.; Goeiz and H.ergen- 
rolhc'r, Phys. Rerioc, 1932, 40 , 137. 

Inlr-rnation.al Cril.icaJ Tables, 1927, 2 , 4.76. See also li)avey, Phys. Rcvicu-, 1924, 
23 , 202: Undo, J. Ins/. Melfil.s, 1023, 30 , 121; Lowry and Farkca*, J. Chon. Sec., 1015, 
107 , 109.7; .lohnston and Adain.-^, J. Amir. Chon. Soc., 1012, 34 , .763; Kalilbauin, Rotli 
and Si('(ll(‘r, Zci/sch. anorg. (Na m., 1902, 29 , 291; .Marchand ami 8 fdie('rer, J. jjrakt. 
Chon.. 1883, [2 j, 27 , 193. Goet.z and Focke, Inc. oil. 

Jnlemat tonal Critical Tables, 1927, 2 , 400; Gruneisen, Ann. Physik, 1910, 33 , 65. 
8 ee also Friend and AFillanee, J. Inst. Medals, 1924, 31 , 79 (Discussion); Dorsey, JTtys. 
Review, 1907, 25 , 88 . 
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-183° and 15° C., and 13-45 x 10~® between 19° and 101° C. For a 
single crystal the coefficient ^ at the ordinary temperature is 13-96 x 10~® 
parallel to the trigonal axis, and 10-36 x 10“^ perpendicular to that axis, 
the mean coefficient “ between 20° and 240° C. being 16- G x 10~® parallel 
to the trigoiral axis, and (12-0yz0-2) x 10“® perpendicular to that axis ; 
between 240° C. and the melting point the coefficient falls off very 
markedly.^ The effect of a magnetic field upon the coefficient of 
thermal expansion (linear) of a single crystal has been determined.^ 
The coefficient of thermal expansion (cubical) ^ is 39-6 x 10'"^. 

The mean conipressihility ^ is 3-0 x 10~^ for the pressure range between 
100 and 500 megabars. ^ This value decreases at very high pressures. 
The compressibility of single crystals has also been determined.^ 

The hardness on Mohs’ scale ^ is 2-5 ; the Brinell hardness number 
(using a 6-35 mm. ball and a load of 40-3 kg. at 15-5° C.) is 7-3. 

You77g\s modulus is 0-32 x 10^ kg. per sq. cm., and the tensile strength 
about 450 kg. per sq. cin.^i 

The sjoecific heat at the ordinary temperature lies between 0-03023 
and 0-0303, and the variation, with temperature is given approximately 
by 

0-030 +0-0000132^ 


(where t is the temperature in degrees Centigrade), but there is an 
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^ Bricffman, Proc. Nat. Acad. Set., 1924, lo, 411. See also Pizeau, Com'pt. rand., 
1869, 68, 1125. 

2 Jay, Proc. Roy. Soc., 1984, 143 A, 465; Goetz and Hergenrother, loc. cit.; Pky.i'. 
Review, 1931, 38, 2075. 

^ Roberts, l^roc. Roy. Soc., 1924, 106 A, 385; Jay, loc. cit. 

Kaye and Higgins, Phil. Mag., 1929, [7], 8, 1057. 

5 Endo, loc. cit. See also Kopp, Pogg. Annalcn, 1852, 86, 156; Matthiessen, ibid., 
1867, 130, 50. 

Richards, J. Anier. Chcni. Soc., 1915, 37, 1643; Adams, 'WTlliamson and Johnston, 
ibid., 1919, 41, 12. See also Gruneisen, Ann. Pliysik, 1908, 25, 825; Bridgman, Proc. 
Anner. Acad. Arts Sci., 1928, 58, 166; 1924, 59, 109. 

' Sec p. 18. 

^ Bridgman, J^roc. Arner. Acad. Arts Sci., 1925, 60, 805. 

^ Rydberg, Zeitscli. physikal. Chon., 1900, 33, 353. 

Hargreaves, J. Pnst. Metals, 1928, 39, 314. 

Mallock, Proc. Roy. Inst. Great Britain, 1921, 23, 377; Proc. Roy. Soc., 1919, 95 A, 
429; Schulze, Sitzber. Gcs. Marbnrg, 1903, 80, 94; \oigt, W led, Aiinalen, 1893, 48, 6/4. 
For the mechanical properties of single crystals, see Schmid, Meiallvrirt.^chaff, 1928, 7, 
1011; Proc. First International Congress of Applied Aleclianics, 1924, 324; Bridgman, 
Proc. Amer. Acad. Arts Sci., 1925, 60, 305; Proc. Fat. Acad. Set., 1924, 10, 411 ; GeorgicH 
and Schmid, Zeitscli. Physik, 1926, 36, 759; Haase and Schmirl, ibid., 1925, 33, 413; 
von Gomperz, ibid., 1922, 8, 184. 

Rostagni, Atti R. Accad. Lincei, 1928, [0], 7, 649. See also Awlxauv and Griffiths, 
Proc. Phys. Soc., 1926, 38, 37S; AdinoUi, Atti R. Ar.cad. Lincei, J92S, [6], 8, 381; Denizot, 
Physikal. Bcr., 1927, 8, J584; Bull. Sor.. Amis sci. Poznan, 1926,' 2, 1; Umino, Sci. 
Rep. Tohoku Imp. IJniv., 1926, [1], 15, 597; litaka, ibid., 1919, 8, 99; Schimptl, Zcitsch. 
physikal. Cliern., 1910, 71, 257; Kahlbaum, Roth and Sicdler, Zeitscli. anorg. Cheni., 
1902, 29, 294. 

Iniernational Critical Tables, 1929, 5» 93. 



BISMUTH AND ITS ALLOYS. 


I’33 


anomalous increase when the temperature is 20° to 30° C. below the 
melting ]3oint.^ The atomic heats (in calories per gram-atom) at high 
temperatures are as in table on p. 132. The atomic heats at low 
temjDcratures are : “ 


Temp., ° C. 

‘ Atomic Heat 
(calories per 
gram-atom). 

Temp., ° C. 

Atomic Heat 
(calories per 
gram-atom). 

Temp., ° C. 

Atomic Heat 

(calories 

gram-atom). 

-270 

0-0102 3 

-161-8 

5-674 

-64-2 

5-974 

-253 

2-053 

- 147-9 

5-813 

-54-2 

5-980 

- 212-2 

4-631 

- 135-8 

5-761 

-14-9 

5-874 

-209-6 

4-851 

-123-8 

5-817 

- 6-7 i 

6-058 

-208-3 

4-771 

-110-5 

5-869 

- 0-2 

6-083 

-201-9 

5-040 

- 96-2 

5-899 

-^12-3 

6-139 

-198-4 

5-216 

- 85-3 

5-924 

— 22-2 

6-089 

-171-7 

5-404 

- 74-1 

5-976 

-i-25-2 

6-104 


The metal employed was very pure, and contained no lead, arsenic or 
antimony. The specihc heat of bismuth is -increased by chilling, and 
after cxiDOSure to X-rays.^ 

The melting point ^ is usually given as 271° C., but values as lo^v as 
269° C. have been recorded. The metal is very susceptible to super- 
cooling, and it has been shown that the degree of supercooling at which 
the bismuth nuclei begin to recrystallise is definitely related to the 
degree of superheating to wdiich the metal has been submitted ; and 
also, that the crystal nuclei tend to persist after melting and are only 
slowh' destroyed on superheating.^ If a single crystal of bismuth 
is heated to 10° C. above the melting point, and cooled slowly, the 
re-formed solid shows the same crystallographic orientation as the 
original crystal ; when heated to a higher temperature, however, and 
then rc-solidilied, a random orientation results.'^ The linear velocity of 
crystallisation reaches a maximum value of 2 cm. ])cr minute witli 2° 
of su]:)ercooling.® 

The latent heat of fusion ^ is 13 calories per gram. 

Bismuth contracts considerably on passing from the solid to the 
liquid state, the ijercentage contractioji being 3’t7. The metal Luther 
resembles water in that the liquid attains a maximum density at a 

^ Carpenter and Harlc, Proc. Roy. Soc.y 1932, 136 A, 2t3. 

- Anderson, J. Anicr. Chem. Soc., 1930, 52, 2720. 

Kocsom and van den Endc, Pwc. Acad. Sci. Amsterdam, 1931, 34, 210; 1930, 33, 
243; van don Ende, Metallvjirtschaffy 193L 10, 676. 

^ Adinolfi, loc. at. 

'> pidcriui(ioiial Criiical Table, s, 1927, i, 103. Sec also Awberry and Griilltlis, loc. cit.; 
Endo, J. In, a. Metal,^, 1923, 30, 121; Janecke, Zeitsch. physikal. ChevL., 1931, 156 A, 161 ; 
Tipelow and Hykenboer, J. J^hys. Chcm.y 1917, 21, 474; Mylius ajid CroscluiTf, Zeitsch. 
uh.orcj. Chci'/i., 1904, 40, 1)4. 

^ Webster, Proc. Roy. Poc., 1933, 140 A, 653. 

' Donat and Stjcrstadt, Ann. Physik, 1933, 17, S97. 

^ Xanimann and Eocha, Zeitsch. anorg. Chc/ni., 1933, 216, 17. 

'•' Awberry and Grifliths, loc. at. See also Einino, loc. cit.; litaka, loc. cit. 

Goodrich, Trans. Fataday Soc., 1929, 25, 531. See also Endo, loc. cit.; Bornemann 
and Siobe, Zatsch. iMetullhiinde, 1922, 14, 329; Johnston and Adams, loc. cit.; Hess, Aer. 
deut. phys. Ges., 1906, 3, 403; Toeplcr, Ann. Phy^it, 1894, [2J, 53, 343; Vincentini, Atti 
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temperature just above the melting point A It is probable, however, 
that at very higli pressures a mocliheation of bismuth exists whose 
density is greater than tha t of the corresponding liquid phase (see p,188). 

The density of liquid bismuth - is given by 

71-10-07 -()'00125(i^ -2G9) 

where t is the temperature in degrees Centigrade. Between 420^ and 
1100° C. the relationship between the specific volume, and the 
temperature, C., is given by 

=0-1011 -f (128 xl0-'^)(^-420) 

Between 420° and 271° C., however, this relationship does not hold, the 
specific volume decreasing less rapidly with fall of temperature below 
420° C. From this, from a consideration of the effect of bismuth on 
the melting points of other metals, and from the surface tension, it is 
calculated that the molecular weight of bismuth is constant at apj^roxi- 
mately 209 between 420° and 1400° C., increasing sharply above that 
temperature and attaining a value of 334 at 1500° C. At 2100° C. 
bismuth again becomes monatomic (sec also p. 136). 

.The specific heat of the liquid at 369° C. is 0-019. 

Tlie surface tension of liquid bismuth has been determined by a 
number of investigators,^ and the more receiit results showing the 
variation with temperature arc as follows : 


Temp., ^ C. 

269 ' 300 320 ; 

: 365 ! 

^ ' i 

400 426 : 472 ■ 583 ! 

600 

779 SOi 

■ 062 ' 

1 

(dynes 2 

' 378 ' . . 375 ^ 

371 , 

* ‘ 1 

367 i 365 . 1 


34 . 4 : !! 

. . ' Hogness. 

1 . . Satierwald 
: and Drath. 

per cm.) | 

. . . ■ 388 i . . 

1 


380 

367 j 

1 

.. :353 

3-10 Birkumshaw. 


From his I’esults, Birkumshaw deduces that liquid bismutli is associated. 
For the parachor, calculated from the results of ITogness and Birkum- 
shaw, the values 92-0 and 94-4 have been obtained.^ The at'omie 
parachor, determined by measurements on covalent compounds, is 
80-0 ; there are thus positive anomalies of 12-0 and 14-4 respectively. 
Since, if a double bond joins two atoms, the parachor (calculated for one 
atom) will show a positive anomaly of 11-6, it is deduced that, for 
bismuth in liquid form, the molecule contains two atoms which share 
four electrons.'^ 

The ciscosiiy of liquid bismuth ^ decreases from about 0-0108 at 
300° C. to about 0-01 at 600° C. 

^ Ludeking, Ann. Phys. Chon.., 1S88, [dj, 34 , 21. 

“ llogness, J. xliner. Chon. Soc., 1921, 43 , 1021 . See also Borncmanti and. SaucrWcald, 
Zcdtsch. MtlLilll'iindc, 1922, 14 , 145; Bornemann and Siebc, ibid., 1922, 14 , 329; .Oluss, 
Zotneh. aii(>rg. Chon., 1915, 93 , 1. 

^ Jounianx, Bull. Soc. chim., 1932, 51 , 677. See also Yaisuyama, Bull. Lnst, Phy<. 
Clioa. lltsenrch {Tohjo), 1928, 7 , 1054; Sci. Bey. Tohohu Imp. Cruv., 1929, 18 , 10. 

An'bcriy aiid Griffiths, loc. cd. 

^ llogiiGSs, loc. at.; Saiienvidd and Drath, Zeifnoh. anonj. Chon., 1926, 154 , 70; 
Birkiiinshaav, Bhil. Mag., 1027, [7], 3 , 1286; llatsuyaraa, Sci. Rtp. Tohohu luvjo. UnPo, 
1927, 16 , 555; Smitli, J. Lot. MUaln, 1914, 12 , 168; Siedcnto])!, W-itd. A)L-italcn, 1897, 
6 i, 235; (yiinckc, Pogg. Annaloi, 1869, 138 , 141. 

Sugdeji, '' Tlte Parachor and Valency''' (.London, 1930), p. 174. 

" See also Jonniaiix, loc. at. 

® Satierwald and Topler, Zeilsch. anorg. Chon., 1926, 157 , 117, Por the viscosity of 
solid bismuth, sec Karris, Phy?.. Pievicu:, 1912, 35 , 95. 
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The boiling point ^ lies between 1440'' and 1500° C. It varies con- 
siderably with ]n’essure, as tlic following data show : 


\ 

i 

i Pressure (mm.) 

102 

! 

257 

! 1 

7G0 ■ 

4788 

8892 

’ Boiling })oint (° C.) . 

1 200 

1310 

1 500 

1 

1 870 

2100 


From these data the latent heat of vaporisation of bismuth is found by 
calculation to be 42,700 gram-calories per mole. The variation of the 
vapour pressure of bismuth with temperature is given as follows : ^ 


Temperature C.) . 

1210 

1290 

1385 

1410 

1490 

Pressure (mm.) 

63 

126 

300 

406 i 

[ 

760 


Between 827° and 947° C. the vapour pressure of bismuth may be 
calculated from the expression ^ 


where F is the va]Dour pressure in millimetres and T the absolute 
tem])crature. 

The vapour of bismuth at 2000° C. is monatomic,^ although at lower 
temperatures it is possible that both monatomic and diatomic molecules 
exist.® It has been stated that the vapour at 851° C. contains 40 per 
cent, of Bi molecules and 60 per cent, of Bi 2 molecules,’^ while at 827° C. 
ai)])roximately 2 per cent, of Big molecules were detected in addition 
to Bi and Bio. No e\'idence has yet been obtained for the existence 
ot molecules of different constitution, such as Bi.^, Bi,| or Bi^.. The 
heat of dissociation ^ of diatomic molecules of bismutli is stated to 
be 77,1 00 ::: 1200 gram-ealories per mole. 

CTiicfly on account of the anisotropic nature of crystalline bismuth, 
tlie thermal, electrical and magnetic ])ropcrtics have received consider- 
able attention. 

Ihsmiith is a ])oor conductor of heat and of electricity ; the relative 
thmnal C()7idiu'tivltij ^ is 1-8, tliat of silvei- being 100. The variation of 
thermal conducLi\'ity with teniperadure of solid bismutli is as follows : 


' Grconu'oud, Pruc. AV;//. Soc., 1910, 83 A, -183; 1909, 82 A, .39(5. Soo also Rufl and 
Yu.adan, Zeit.sch. aiiorfj. Clicru., 1921, 117, J47; van Liempt, ibid.y 1920, 114, 115; Bu(T 
anti JA'.ru'dald, v'Aa/., 19 L9, 106, 76; von Wartenburv, Zeuisch. Kld:.frochem., 1913, 19, 
482; (Ircoiiwood, ■ibuL, 1912, 18, .319; Ztilsch. jZi-ijsilad. Chem., 1911, 76, 484; IvraiTt 
and Lcdiiiian]!, AV/-., 1905, 38, 254; Krallt and Bcrgfeld, ibid., 1905, 38, 257, 1905; 
Barns, Ani^-r. J. Sr.i., 1894, [3], 48, 332; Biliz and Me3’'cr, Ber., 1889, 22, 725; Carnclley 
and Milliains, Chcni. 1879, 39, 280. See, however, Lcitgebel, Zcitsch. anorg. Chevi.., 

1931, 202, :d)5. 

- Greenwood, Chr.iji. A.m's, 1911, 104, 31, 42; Zcilsch. 'plt.ysLhd. Chtvi., 1911, 76, 
484. 

Bull a.ntl, BerydaJd, /or:, all. 

Ko, ,/. Fra.iiJdw, InA., 1934, 217, 173. 

■’ von VVarLcnbery, Zcif.-ick. C'Ik’.ih., 1907, 56, 320. 

^ ibltz and 51eycr, loc. clL. 

Zartinann, Bhys. lie.cieu:, 1931, [2J, 37, 383. 

W'iedernann and Branz, Poqq. Annultn^ 1853, 89, 407. 

Konrio, BhiL Alaq., 1920, [6J, 40, 542. 


Ko, loc. ci(. 
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Temperature, ° C. 

1 

; 18 

1 i 

89 I 160 ! 222 

233 

[ 

256 

T her m a 1 conductivity 

i 0*0104 

0*0181 ; 0*0170 ! 0 0177 

i 1 

1 ! 

0*0177 

: 0*0183 1 


That of liquid bismuth is : 


Temperature, ° C. . 1 

286 

1 

298 376 

484 584 ; 

1 Thermal conductivitv ! 

i " 1 

0-0400 ' 

1 

0*0418 0*0378 

1 ! 

0*0372 1 0*0369 


The conductivity in all the above cases is measured in gram-calories per 
cm. per sec. per degree Centigrade. It will be observed that the thermal 
conductivity of solid bismuth decreases to a minimum with rise of 
temperature, afterwards rising to the melting point ; that of liquid 
bismuth is nearly constant above 300° C., whilst at the melting point 
there is a very considerable increase. Bismuth differs from most metals 
in this respect, although antimony also shows a slight increase in thermal 
conductivity on melting.^ The effects of pressure ^ and of a magnetic 
field ^ upon the thermal conductivity have been determined. The 
thermal conductivities of a single crystal of bismuth are : 

Perpendicular to the trigonal 

axis ..... 0*0221 calorics per cm. per sec. per ° C. 
Parallel to the trigonal axis . 0*0159 ,, ,, ,, 

Mean value (assuming a random 

distribution of crystals) .0*0195 ,, ,, ,, 

The electrical resistance ^ is 106*5 x 10“^ ohm-cm. at 0° C., and the 
variation with temperature is given by 

i^ = 106*5[l -r0*00891^ +0*0000058^^] x lO'^ ohm-em. 

where t is the temperature in degrees Centigrade. The mean tempera- 
ture coefficient of resistance between 0° and 100° C. is 446 x 10”'\ At 
the melting point the resistance of solid bismuth is 267 x 'J0“^ ohm-cm. : 
that of liquid bismuth at the same temperature is 127*5 x 10~^ ohm-em.^ 
Bismuth is not superconducting at -268*84° C. The resistance at low 
temperatures is as follows, being given as a ratio between that at the 
temperature stated (R) and that at 0° C. (Rq).’' 

^ For thermal concluctivii}-, see also Jaeger and Dicssclhorst, W i,i\^tnschafiL Abhandl. 
phys. tech. ReichsansL, 1900, 3, 269; Glebe, Inau/jitral Disserlalion., B(ydin., 1903; V erh. 
dent, physikal. Gee., 1903, 5, 60; Lorenz, Wied. Anti.aLeii, 1881, 13, 422, 582. 

- Bndgmai], Froc. Arncr. Acad. Arte Fci., 1922, 57, 77. 

2 Ward, Phd. Flag., 1924, [61, 48, 97 J ; IvTiapp, JGiys. Review, 1932, 39, 550. 

Kaye and Boberts, Froc. Roy. Soc., 1923, 104 A, 98. See also Bridgman, Proc. 
Amer. Acad. Arts Sci., 1926, 6i, 101; Froc. JPat. Acad. Sol., 1925, li, 608; Kaye and 
Higgins, iPhll. Mag., 1929, [7], 8, 1056; dc Haas and Capcl, Fhyslca, 193-1, i, 929. 

^ J /Utrrialiou/.U Cntical Tables, 1929, 6, 136. See also Dewar and Ideming, Froc. 
Roy. Soc., 1897, 6o, 72; Shubnikov' and de Haas, Froc. Acad. Sci. A'/nsterda/fi., 1930, 33, 
350; Xortlirup and Scydani, J. Franklin Inst., 1913, 175, 153; Nortlirup, Tra/is. A/ner. 
Riectrochem. Sue., 1914, 25, 375. 

^ See also IMatsuyama, ;Sc7 Tohohu Imp. Univ., 1927, 16, 447; Kinzolca-no-Kenkyu, 
1926, [4], 3, 254; Trans. Amer. Soc. Steel Treatment, 1926, 10, 318; Pietenpol and INhlev, 
Fhys. Review, 1929, 33, 294. 

‘ Inter natlo-nal Critical Tables, 1929, 6, 125. Tor bibliography, see ibid., p. 134. 
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ELECTRICAL RESISTANCE OF BISMUTH AT LOW 
TEMPERATURES. 


Temperature, ° C. 

1007? 

Rq 

Temperature, ° C. 

lOOiJ 

-103*71 

63*649 

-204*68 

36*064 

-139*88 

52*865 

-216*01 

33*014 

-164*05 

46*246 

-253*01 

22*329 

-182*73 

41*435 

— 255*34 

21*388 

-195*17 

38*478 

-258*86 

19*574 


The effects on electrical resistance of pressure,^ of tension,^ and of a 
Jnao-netic field ^ have been investigated. The specific electrical resist- 
ance of a single crystal of bismuth is 1-38 x ohm-cm. parallel to the 
trio'onal axis, and 1-07 xl0“^ ohm-cm. perpendicular to that axis.^ At 
low temperatures the variation of electrical resistance of a single crystal 
with temperature ^ is as follows (the value for the resistance is given 
as a ratio between the actual resistance at the temperature stated (R) 
and that at 0° C. (Rq)). 


ELECTRICAL RESISTANCE OF SINGLE CRYSTALS OF 
BISMUTH AT LOW TEMPERATURES. 


Parallel to Trigonal Axis. 

Perpendicular to Trigonal Axis. 

rp 0 lOOB 

1 omperature, C. — =3 — . 

JiQ 

0 X 1907? 

Temperature, C. — j, — . j 

- 96*1 72*0 

-124*1 66*9 

-161*1 60*2 

- 92-1 66-;3 ' 

-128-1 57-1 

-149-1 50-5 

-157-1 47-2 


The inlluence of a magnetic field upon the electrical resistance of a single 
(‘rystal has been investigated ^ at low temperatures.’^ 

^ Bridgman, Proc. Nat. Acad. Scl., 1020, 6, oOd. 

- Zavattiero, AUi R. Accad. Lined-, 1920, 29, I, 48; Bridgman, Proc. Arn.er. Acad. 
A rts Set., ]922, 57, 41; Koliiic*k, Phys. Revievj, 1030, 36, 506. 

^ Corbino, Atti R. Accad. Twined, 1920, 28, I, 4.0; McxVlpinc, Phys. Rtvivan, 1029, 33, 
284; 1031, 37, 624; Altmann, SUzungsber. Naturforscli.-Ges. Umv. Tar ha, 1928, 35, 8; 

BtH'ker and Curtis, Phys. Rtdew, 3 920, 15, 457. See also Carpini, xilii R. Accad. Lined, 
1904, [5], 13, 11, 150; Grunmach and Weidert, Physihal. Zcitsch., 1906, 7, 729; Dewar 
and Fleming, P/ul. Mag., 1895, 39, 619; Gross, Zdtsch. Physik, 1930, 64, 520. 

Kapilza, Proc. Roy. Roc., 1028, 119A, 358, 387, 401; 1920, 123 A, 292, 342; 
Sedineider, Phys. Revlciu, 1928, 31, 251. 

International Critical Tables, 1029, 6, 125. 

‘‘ Ivapitza, loc. cit. 

" SlmbnikoT and dc Haas, Proc. Acad. Sci. Amsterdam, 1930, 33, 130, 363, 433. 



13S 


AXTIMONY AND BISMUTH. 


The thermal electromotive force of bismuth with respect to platinum ^ 
is given (ill microvolts) by 

= -61-05(r^ -H)-r0*0251(^“ -I- 0-00()262(^" f 

between 0° and 268"^ C. Values havx also been obtained for couples with 
copper, “ constantan and lead.*^ The thermoelectric force between 
stressed and unstressed bismuth has been measured.^ Several investi- 
gators have drawn attention to a discontinuity in the thermoelectric 
power of bismuth at a temj^erature near the melting point. The ehect 
of orientation on the thermal electromotive force of a single crystal of 
bismuth with reference to copper ® between 20° and 100° C. (expressed 
in microvolts) is as follows : 

EFFECT OF ORIENTATION ON THERMAL E.M.F. OF 
SINGLE CRYSTALS OF BISMUTH WITH REFERENCE 

TO COPPER. 


Angle between Basal Cleavage Blane ; 
and Direction of Current. ; 

Thermal E.M.F. 

0° 0' 

- 55 {t- - e) - o-osi 2(f2 _ 0- 

5° 5' 1 

-56-6(i2 -/i) -0-025(<2 -nf 

10° 0' i 

1 

1 

1 

0 

hb 

0 

1 

ro 

17° 7' ; 

-C) -()-0625(f- -tp 

! 21° 1' ' 

- C) -0-()875(/,- -C)'- 


Bismuth is diamagnetic. The specific magnetic suscejotibiUty is 
-l-3hG xl0~^. The cifect of temperature has been studied ® and the 
magnetic susceptibility of molten bismuth is found to be ap]Droximatcly 
one-liundredth that of solid bismuth just below the melting point. 

^ Jiiltrjuilional Criilail Tables, 1929, 6, 214. Sec also Pelabon, Conij)l. rend., 192.3, 
176, 1.305; Ann. jdiysique, 1920, 13, 169; Wap:ncr, Ann. Thyslh, 1908, [4], 27, 955; .Jaeger 
and Diesselliorst, W issenschaftl. Abhandl. 'phys. tech, lieichsanst., 1900, 3, 269; Dewar and 
Ideming, Phd. Mag. 1S95, [5], 40, 95. 

- van Aubcl, JMll. Acad. roy. Bdg., 1920, [5], 12, 559. 

Boydston, Ptiys. Review, 1927, 30, 911. 

^ International Crttlcal Tables, loc. cil. Sec also Todesco, Attl R. Accad. Lincei, 1927, 
[6], 5, 4, 34; Xuovo Cirn., 1927, 4, 94.; Terada, Tanaka and Kysaba, Proc. Imp. Acad, 
'lolnjo, 1927, 3, 132, 200: Bridgman, Proc. Nat. Acad. Pel., 1925, ii, 608; Borclius^ and 
Lindh, Ann. PkyslL', 1917, 63, 97; Darling and Grace, Proc. Phys. Poc. Rond., 1916, 29, 
S2 ; KocMiigsberger, Ann. Physil:, 1915, 47, 563; .Jordan, Phtl. Mag., 1911, 21, 454; 
Caswell, Phys. Review, Bill, 33, 381; Lownds, jinn. Physik, 1901, 6, 146; Perrot, Arch. 
Pci. phys. nat., 1898, 6, 105, 229, 899; 7, 149. 

Wagner, loc. cit. 

*' Bridgman, Prijc. A/ner. Acad. Arts Pci.., 1918, 53, 26!); 1926, 61, 101; 1929, 63, 351; 
Phys. Pe.dcw, 1917, 9, 269; Proc. Nat. Acad.. Pci., 1928, 14, !)43. Sec also hUer national 
Critica.L Tables, loc. cit.\ Boydston, loc. cit.; Terada, Tanaka and Kysaba, loc. ciL 

' Isnardi and Cans, Aim. Physik, 1920, [41, 61, 585. Sec also Endo, Pa. Rep. 
Tohnicu Pulp. Unic., 1927, 16, 201; Blirenfc.sr , Physica., 1925, 5, 388; Oniies and Perrier, 
Piejc. K. Akad. Wcde.'nsch. A instcrdam, 1910, 12, 799; 1911, 13, 115; 1912, 14, 674; 1914, 
16, 894, 901; Owen, Ann. Physik, 1912, 37, 657; Meslin, Ann. Chnni. JRiys., 1906, [SJ, 
7, 145; Avails, Phil. Mag., 1898, [5 j, 45, 432; Phys. Review, 1905, 20, 188; Curie, Conipt. 
rend., 1892, 115, 1292; 1893, 116, 136; J. Physique, 1895, 4, 197; Lombardi, Mem. R. 
Accad. Torino, 1897, [2], 47, 1; Fleming and Dewar, Proc. Roy. Soc., 1896, 60, 283; 
1898, 63, 311; von Ettingshaiiscn, Wte-d. Annalen, 1882, 17, 272. 

^ Honda, Ann. Physik, 1910, [4], 32, 1027. 
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The .susce])tibility is independent of the field strength at ordinary 
tcnrperatnrcs, but at temperatures of -250'' C. or -200° C. it deereases 
at Iiigiier field sli’engths.^ It is also decreased by cold working. 2 The 
magnetic ];)ro[)erties of colloidal bisinutli have been investigated witli a 
view to determining tlic elTcet of particle size.^ Altliough the results of 
thc^sc investigations do not a]:)pear to be conclusive, it is suggested that 
the liigh diamagnetism of bismuth is a pro])erty of the crystal rather 
than of the atom.'^ The magnetic susceptibility of a single crystal of 
bismutli ^ in a dii'cction perpendicular to the principal crystallographic 
axis is - (1*482 — 0-01-i) x 10“^ and in a direction parallel to this axis 
-(1-053±0*01()) xlO-h The mean value is -l-310xl0-k From 
this it may be deduced that the magnetic susceptibility of a poly- 
crystalline aggregate is - (l*340zz:0*()13) x 10“^. The effect of tem- 
perature ^ and of held strength on the magnetic susceptibility of single 
crystals has been investigated. 

The various galvanometric and thcrmomagiictie elfcets in bismuth, 
such as the Hall effect, the Corhino effect, the Ettings hausen effect, the 
Nernst effect, the lUghi-Leduc effect, etc., have been studied at great 
length.® The Llall effect is negative and increases in a negative direction 
as the magnetic field increases, apparently approaching a limiting value ; 
the Hall coeflieient decreases as the temperature rises, becoming zc]*o at 
the melting point ; the crystalline structure and the oricjitatioji of the 
])rincipal crystallographic axis to the primary current and to the 
magnetic field greatly influence the magnitude of the Hall effect ; it is 
])robably i'or this rea,soii that many published results are discordant. 
The Hall effexd in a single crystal has also been investigated.^ The 
Xerjrst cflec't is ])osili\'c. 

It is known that a, substance may be caused to emit electrons wlien 
it is illuminated by liglit of suflicicntly high frequency ; the longest 
wa,velength capable of producing this effect is called the photoelectric 
tln'csliold.^^ The value for })olycvystalline bismuth lies between A 2080 A 
and A 3300 A ; that for a single crystal between A 2804 A and A 289 !• A. 

The optical properties of bismuth in the massive condition, in the 

^ de Haas and Viiu Alglicii. Proc. Acad. Sci. Ainslerdu'/n, 1930, 33 , G80; do Haas, 
Nainre, ,103J, 127 , 3 ;U). 

“ l.owancu and Cnns(,aiit, Phy,<. Rcvicu;, 1931, 38 , 1347. 

Vcrnia and Olailuir, J. Indian Cherti. Poe., 1931, 6 , 1 81; 19.33, 10 , 321; l\ao, lnduv)i 
J. riujsics, I9.3i, 6 , 241; .19,32, 7 , 33; Nature, 1931, 128 , 103; Bliatnagar, ,/. ludiaai 
Chciii. Soc., 1930, 7 , 957; Vaidyanatlian, J itdain J. Phynics, 1930, 5 , 559; Nature, 1930, 
125 , 072. 

I'or i'nrllan' rc'fcronco.s (o tlic mngneUc xn’opcriies of bismuth, son Goetz and I'oolvo, 
Paence, 1931, 74 , bn.I; Pfi.y.a Ncritio, 1931, 38 , loOO; LliL'cnfcst, ZeilueJn Phyeil:, 1929, 
58 , 719; Ivainon, Nalun:, 1929, 124 , 112; Gro.ss, Zcifsch. PliysU:-, 1928, 50 , 7-1 0 . 

Goc^tz and Hoeke, Phy-i. Pcruac, 1934, 45 , 170, Hockc, Phyc. Ucvicvr, 1930, 36 , 310. 
8 eo also Xushraim, Jdi/ye. Pcctcir, 1927, [2], 29 , 370, 905; Forrest, Trane. Panj. Poc. JCdln., 
1927, 54 , 001 . 

51cL(-nnaii and (Johen, d'ra/ie. Jury. Poc. Canada, 1929, 111, pF, 23 , 159; Donat and 
Stit'rsladi, A/n/. PhyetP, 1.93.3, 17 , S97. 

" .Slici'stadi, Ze/teck. Ph-yeit, 1933, 80 , 030. 

^ Campbell, " Galfatt.irn>clric and. Thtruajriuifjncilc PjJc.cLs'' (London, 1923) (with 
bibliography). See also I nteriuitional Critical Table.e^ 1929, 6 , 414. 

^ .Ilea [IS, Phye. Jlrru-v\ 1927, [2], 30 , 01. 

Jui(-rn(il lonal Critical Tablee, 1929, 6, 08. See also Jlamcr, Jitc. Pa. I neinintaiis, 
1924, 9 , 251; iairndey', .Pltye. Rcvlc-w, 1927, 29 , 202; 30 , 050; HuL'hes, P/lU. 'd'rans., 
1912, 312 , 2(,»5; Richardson and Coinx>ton, Phd. Alag., 1912, 24 , 575; Scliarf, ZaUch. 
Ph.yaL:, 1928, 49 , 827. 

hlayei-, Anna. PPyeik, 1910, 31 , 1017; Hagen and Rubens, ibid., 1900, i, 352. 
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form of opaque films, ^ hi the molten condition - and in the form of single 
crystals ^ have been investigated."* 

Spectrum. — Bismuth compounds imjiart no charaetcristie colora- 
tion to the Bunsen flame. The wavelengths of the principal lines in the 
arc spectrum arc as follows.® (The numbers in parenthesis indicate the 
relative intensities of the lines, the lowest numbers indicating the 
weakest intensities.®) 

11711 (10), 9657-2 (10), 8210-8 (10), 6134-85 (5), 5742-55 ( 6 ), 

5552-24 ( 8 ), 4722-7 ( 8 ), 4722-5 (10), 4722-2 (10), 4121-85 ( 6 ), 

4121-52 ( 6 ), 3510-85 ( 6 ), 3397-21 (5), 3067-73 (9), 3024-64 ( 8 ), 

2993-84 (9), 2989-04 (9), 2938-31 (10), 2897-98 (10), 2809-63 ( 8 ), 
2780-52 (7), 2730-50 (5), 2696-76 ( 6 ), 2627-93 ( 8 ), 2524-52 (7), 

2515-68 ( 6 ), 2489-4 (5), 2400-89 ( 8 ), 2276-57 (5), 2230-62 ( 8 ), 

2228-25 ( 6 ), 2189-59 ( 6 ), 2177-3 ( 6 ), 2152-9 (7), 2134-4 ( 8 ), 

2133-6 (7), 2110-3 ( 8 ), 2061-71 ( 8 ), 1533-7 (5). 

Tire wavelengths of the most persistent lines in the arc spectrum, 
such as may be used for spectrochemical purposes, are as follows. (The 
expressions in parenthesis are the spectral terms allotted to the particular 
lines, adopting the usual notation.) 

2061-71 (-‘So -^P.j), 2276-57 (*S, -*Po), 2780-52 (^Do), 

2809-63 (^D'j -2P.,), 2897-98 (2D„ -2P'), 2938-81 (-D 3 ), 

2989-04 (20.,), ■ 3067-73 (^Sj^-^Pi). 

The “ raie or most persistent line,'^ has the wavelength 

3067-73 A. 

The wavelengths of the principal lines in the spark spectrum are as 
follows. (The numbers in parenthesis indicate the relative intensities 
of the lines.) 

6809-1 (7), 6600-1 (7), 5209-28 (10), 5144-50 ( 6 ), 4722-7 ( 8 ), 

4722-5 ( 8 ), 4722-2 (3), 4561-15 ( 8 ), 4302-13 (10), 4259-04 (10) 

4079-22 (10), 8792-9 ( 8 ), 3695-53 ( 8 ^ .3510-85 (5), 3067-73 ( 6 ), 

2989-04 (5), 2988-3 ( 8 ), 2897-98 (5), 1346 (10), 1317 (15), 

1306 (10), 1051 (10), 1045 (10). 

The second and third order spectra have also been investigated,® 
and it is indicated that the spectrum of singly ionised bismuth is that of 

^ Hulbui't, Asirojjltys. J., 1915, 42, 205. 

“ Aster, Fhys. lleview, 1922, 20, 349. 

3 Rouse, Fhy.H. Bevieic, 1926, 247; Bix and Rouse, J. O'piical S 017 . Amer., 1027, 

14, 304. 

^ For a discussion of the relationship between the physical properties and the structure 
of bismuth, see Jones, Proc. Pioy. Poo., 1934, 147 A, 404. 

^ For tables of waYclcngths and sensibilities for use in spectrum analysis, see Finn 
de Rubies and Bargues, ZeiUcli. anorg. Chern., 1933, 215, 205; Kramer, Zeil.'icli. anal. 
Cheni., 1934, 97, 80. 

^ International Critical Tables, 1920, 5, 2S4. 

" Jntcrnaiiona.l Critical Tables, 1929, 5, 323. 

® JIcLennan, Mcl.ay and Crawford, Proc. Roy. Poc., 1930, 129 A, 579. Sec also 
Kishen, Current Poience, 1933, i, 312; Zumstein, Phys. Review, 1931, 38, 2214; Green 
and Wulfi’, ibid., 1931, 38, 2186; Green, ibid., 1931, 37, 16S7; Fisher and Goudsmit, 
ibid., 1931, 37, 51; Arvidson, Nature, 1930, 126, 565; Lang, Phys. Review, 1928, 32, 737; 
Rao and Xarayan, Proc. Fifteenth Indian Pci. Cong., 1928, 80. 
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the two-electron spectrum, and that of doubly ionised bismuth a simple 
one-electron doubled spectrum. The bismuth nucleus has a resultant 
moment of momentum ^ 


U-h 

— ^ (/i = Planck's constant) 

"Itt 


The ionisation j^otential for singly ionised bismuth is about 14 volts, that 
for doubly ionised bismuth 25-4 volts and that for BH 55*7 volts. ^ 

The arc^ and spark ^ spectra in the ultra-violet region have been 
studied in some detail, and in the latter case the spectrum has been 
extended to a wavelength of A 200 A.^ 

The Zeeman effect has been studied.^ 

In the absorjDtion spectrim of bismuth vapour both lines and bands 
arc found, in addition to the “ rate ultime ” (A 3067-73 A.). The bands 
appear in groups, occurring in the ultra-violet, and at higher tem- 
peratures, in the visible region. Each group consists of bands degraded 
towards the red. The approximate wavelengths of the bands in the 
ultra-violet region are (in A.) 2859*9, 2842-9, 2828*2, 2813*5, 2799*8, 
2785*0, 2772*7, 2759*6, 2744*8, 2732*6, 2722*0, 2712*3, 2701*9, 2693*2, 
2681*5, 2670*0. The lines 2276, 2230 and 2228 are also strongly 
absorbed, and there are other absorption lines of wavelength 2110, 2062 
and 2021 A. At 800 C. fine absorption lines appear in the spectrum, 
the w'avelengths of wliich do not appear to have been determined, while 
another banded structure is revealed at a lower wavelength. At about 
1200° C. a banded structure is observed in the visible region extending 
from A 4500 to A 6500 A. The interval between the bands in this 
spectrum differs from about 35 A. at the violet end to about 90 A. at the 
red end. At higher tempc]'atures the bands tend to merge into one 
continuous band.'^ 

The following are llic wavelengths of absorption lines which are 

^ Back and Goudsinit, Zeilsch. Physik, 1928, 47, 194. 

- Bor the hyperfinc striiciurc of the spark spectra of bismuth, and deductions concern- 
ing the nuclear structure, see also Schocpfle, Pliys. Bevievj, 1 935, 47, 2.32; McLay and 
Ci’awford, Proc. Povy. Soc., 1934, 143 A, 540; Phys. Review, 1933, 44, 9S6; Mohammed 
and Sharina, Phil. Mag., 1932, 14, 977, 1143; Bacher and WullT, Phys. Revtew, 1932, 
40, 123; McLenna7i, 5IcLay and CraM*ford, Proc. Roy. Soc., 1931, 133 A, 052; Zeeman, 
Bacic and Goudsmii, Zeilsch. Physik, 1930, 66, 1; Back and WullT, ib/d., p. 10; White, 
JSiys. Revie-in, 1929, 34, 1404; Back and Goudsmir, Phys. Revieiv, 192S, 31, 1125; Xagaoka 
and Ibshima, Proc. Jaip. Acad. Jagxr/i, 1926, 2, 249; Iviiark and Chenault, Phil. Mag., 
1925, 50, 937; Joos, Ph.ysikal. Zeilsch., 1925, 26, 380; Xagaoka and Suguira, Aslrophys. 

1921, 53, 339; Dai'bysliire, ISid.l. Mag., 1933, 16, 701. 

Me. l>(‘nnaii, Young and Irelon, Proc. Roy. Soc., 1921, 98 A, 101. 

Arvidson, A an. Rhysik, 1932, 12, 787; Aloliammed a nd Sharma, loc. cil.: Zum.stein, 
loc. cil.\ Lang, Rhil. Trans., 1924, 224, 41 S; Bloch and Bloch, Coni.pt. rend., 1914, 158, 
14j(); 1920, 170, 320; 1920, 171, 709; 1924, 178, 472; J. Phys. Padturn, 1921, 2, 229. 

Bor the infra-red spectrum, see Walters, JSureau of Skmdards Scieniific Papers, 
1921, No. 411, 101; I^ubovich and JVaren, thoc. Traas. Roy. Soc. Canada. 1922, [3J, 
16, 195. 

Back and Goudsniit, Rhys. Review, 1928, 31, 1125. bor bjldiograpliy to 1927, 
sec III tcru.atio/ra I Critical dA.blcs^ 1929, 5. 420. 

' Ib-aync and Sniitli, Phil. Mag., 1926, [7], i, 735; Kao, Pna. Poy. Soc , 1925, 107 A, 
700; Xarayari a,nd Bao, Phil. Mag., 1925, [0], 50, 0-17; Williams, Physihd. Zeilsch., 1932, 
33, 152; ilari'alt and Boriar, Phil. M.ag., 1930, [7], 9, 519; (diarola, LSriv. la Plata., 
P.sludio Ciencias, 1929, 89, 205; Physikal. Ztilscli., 1930, 31, 457; Zumstein, Phys. Jitvlew., 
1920, 27, 562; Buark, Mohler, I'^'oote and Chenault, P.aS'. Pureau. of Sla.ndards Scienlijic 
Pa.pers, 1924, No. 490, 403; Nature, 1923, 112, 831; Grotrian, Zeilsch. Physik, 19X3, 
18, 169. 
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observed in the under- water spark spectrum ; they corrcs])ond witli 
those wliich are reversed in the arc spectrum : ^ 

8596-11, 3510-85, 8405-28, 3897-21, 3067-73, 8024-64, 2998-81, 

2989-04, 2988-81, 2897-98, 2809-63, 2780-52, 2730-5, 2696-76, 

2027-98, 2524-52, 2515-68, 2400-89, 2276-57, 2280-62, 2228-25, 

2189-59, 2177-8, 2164-1, 2156-9, 2153-5, 2152-9, 2184-4, 

2138-6, 2110-8, 2061-71. 

At 1500"^ to lOOO'^ C. bismuth vapour emits lluorescent radiation 
orange-yellow in colour. ^ The fluorescence spectrum shows a banded 
structure which is more or less the exact complement of the absorption 
spectrum in the region examined. The wavelengths of bands that haAm 
been measured are : 

6538-0, 6461-5, 6889-0, 6319-5, 6248-5, 6187-5, 6117-5, -6052-0, 
5991-5, 5910-5, 5886-5, 5881-5, 5776-5, 5726-0, 5680-0, 5640-0. 

It is convenient here to include a description of the spark spectrum 
of dilute solutions of bismuth trichloride. The wavelengths of tlic most 
persistent lines in this spectrum, and the minimum concentration of the 
solution in the spectrum of Avhich they appear, are given on ]). 148. These 
lines may be emploA'^ed in quantitative analysis.^ 

The X-ra.y spectrum of bismuth has been studied, and measurements 
obtained for the K,^ L,^ Al^ and X" scries. 

Chemical Properties of Bismuth. 

Bismuth is not rcadih^ attacked by air at ordinary temperatures, 
but on heating in air it is eomxrted to trioxide.® When heated in air 
to its boiling point it burns with a faint bluish-white flame, forming 
bismuth trioxide, Avhich condenses as a yellow deposit of “ llowers oi“ 
bismiith '' (fores hismuii) upon a cold surface placed in the flame. It 
reacts sloAvly at ordinary temperatures with water from which carbon 
dioxide has been expelled, becoming coated Avith an hydrated oxide ; ^ 
and at red heat there is some CAudence to indicate that it decomposes 
steam sloA^dy.l^ 

Bismuth is not attacked by hydrochloric acid in the abseiu'c of air, 

^ Hiilburt, PJiys. Beviev, 1924, 24, 120. 

” Rao, loc. cit. 8ee also McLennan, WAlerstein and Smith, Phil. 1927, [71, 3, 

390; Terenin, Zeitscli. Physihy 1925, 31, 26; Narayan and Rao, N din re, 1921, 114, (315; 
Franck, Pliysikdl. Zeiisch., 1923, 24, 450. 

. Hartley, F/ok Trans., 1884, 175, 327; '' Speciroscfypy'' (London, 1927), 2, 111-. 

Stephenson and Cork, Phys. Btvieu:, 192(3, 27, 138; Kechou, Corapl. rend., 1925, 
180, 1107: Duane, Fricke and Stenstrom, Proc. Xat. Acad. Sol., 1920, 6, 007. 

^ Siegbahn and Friman, PJiysihd. Zcitsch., 1916, 17, 17; Cosier, Zv.dsch. Phy-</k, 
1921. 4, 178; Friman, ibid., 1920, 39, 813; Fddy and Turner, J^roc. Boy. Son., J927, 
1 14 A, 605; Williams, Ph?js. Bevievj, 1934, 45, 71; Duane and Patterson, Proc. Xat. 
Acad. Pct., 1920, 6, 518. 

Hjalmar, Corn.pt. rernd., 1922, 175, 878; Zeiisch. PhysiJ:, 1923, 15, 65. 

‘ Dolejsek, Zcitsch. Physit, 1924, 21, 111; Hjalmar, ibid.^ F.)23. 15, ()5. I'or fnrijier 
literature dealing with the X-ray spicetrum, see also Robinson, iVnr. Jioy. Sor., 1923, 
104 A, 455; Allmi, Phys. Bcvitir, 1924, 24, 1; Robinson and Cassie, Proc. J'oyy. Sor., 
1920, 113 A, 282; Knnnra and Fiakamura, Janpan. J. Bhspic.e, 1924, 3, 29; Duane ami 
Patterson, Proc. Xat. Acad. Sci., 1922, 8, 85; J ntcrnational Critical Tahlc'<, 192!), 6, 70. 

^ Tliomson, Proc. Phil. Boc. (hlasgow, 1S4J-2, I, 4; Ticintz, tby/g. Aooa/c//, 1844, 
63, 58. 

•' von Bonsdoril, Pogg. AnnaJen, 1837, 41, 305. 

Regnault, Ann. Ckim. Phys., 1836, [21. 62, 363. 
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SPARK SPECTRUM OF DILUTE SOLUTIONS OF 
BISMUTH TRICHLORIDE. 


1 per cent. Solution. 

OT per cent. Solution. 

0-0 1. per cent. Solution. 

8r92*9 



3695-5 



3595-7 



3510-8 
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3396-7 
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3067-7 

3067-7 

3023-8 

3023-8 


2992-2 

2992-2 


2989-0 



2938-3 



2897-9 

2897-9 


2854-8 

2854-8 


2846-1 

2846-1 


2414-8 




but ill the presenec of air it is slowly dissolved. No hydrogen is evolved. 
It is readily dissolved by cold nitric acid or aqua regia and by hot 
concentrated sulphuric acid ; it is possible that the solvent action of 
nitric acid is due to the presence of nitrous acid.^ The nitrous acid is 
presumed to act catalytically, and the reaction may possibly be repre- 
sented by tlic equation 

2Bi-f r)IINO,=Bi(NOo)3 ABi(NO,)3-r-3noO 

In the presence oC nitric acid, any bismuth nitrite formed is at once 
converted to bismuth nitrate with the production of oxides of nitrogen. 
Bismuth thus resembles silver, mercury and copper in this reaction. 
With nitric acid of density 1-2, and at a temperature of Co° C., bismuth 
reacts with instantaneous evolution of nitrogen tetroxidc (even in an 
atmosphere of liydrogcn), and evolution of this gas c'ontinucs until all 
the metal is dissolved. Neither ammonia nor hydroxylaminc is pro- 
duced by the action of nitric acid on bismutli under any conditions. 
Bismuth does not react ivith phosphoric acid, either in clilute or con- 
centrated solution.- It is oxklised slowly by chloric acid and the 
product is only partially soluble ^ in water. 

Metallic bismuth docs not react with -hydrogen even wlien heated. 
A black powder, described as pyrophoric bismutli, can be ]orcpared l)y 
the reduction of bismuth compounds with hydrogen.^ From solutions 
oi'its compounds, bismuth may be displaced by hydi*ogcn under ]:)ressurc. 
From solutions of bismuth trichloride up to normal concentration, and 
with ]:)rcssm‘es between 15 and 250 atmospl'icrcs and tejnjxa-atiu’cs 

1 Sta-Tisbio, J. A'or. Cltotn. ] iid.^ 1 !)08, 27 , 3Gr); i)jvors, /hi(L, 1004, 23 , J 182; J. CJuni. 
/Soc., .ISS.'), 47 , 230; 1883, 43 , 44-3. See also this Series, V'ol. \'l, ParL I, ]). 108. 

- Porlevin and Sanfonreho, Crr/npL rend., 1931, 192, 1563. 

^ Hendrixson, J. Am.tr. Chern. Soc., 1904, 26, 747. 

^ Vanino <and Yenzel, Zeitsch. anorg. Chem., 1025, 149, IS. 
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between 150° and 200° C., this displacement may be represented by the 
expression 



a 


a - X 




From this it is calculated that from a normal solution of bismuth 
trichloride at 20° C. and with hydrogen at 100 atmospheres pressure, 
one per cent, of bismuth would be precipitated in thirty-seven years. 
There are reasons for believing that the reaction is ionic. Precipitation 
of bismuth from acetic acid solutions takes place more rapidly than 
from solutions in hydrochloric acid. Hydrogen under a pressure of 
60 atmospheres will also displace bismuth from the triphenyl derivative 
dissolved in xylene, according to the equation 

2(C6H5)3Bi + SH. = GCgHe + 2Bi 

At 225° C. this reaction is complete.^ 

Bismuth does not react readily with the halogens when the latter are 
perfectly dry ; the presence of moisture, however, greatly accelerates 
reaction. The metal is attacked only superficially by fluorine even at 
red heat ; it reacts with chlorine, bromine and iodine to form in each 
case an impure halide, which may possibly be a mixture of the di-halide 
with the tri-halide. 2 

Bismuth is oxidised by ozone, the product being a mixture of oxides.^ 
The metal combines directly with sulphur, selenium and tellurium 
when melted with those elements. It combines with sulphur when a 
mixture of the two elements is submitted to pressure.^ It does not 
react with dry sulphur dioxide even on heating, but when heated with 
sulphurous acid under pressure bismuth trisulphide is formed.^ 

Bismuth does not combine directly with nitrogen, and with phos- 
phorus only with difficulty. With arsenic and antimony it forms 
alloys ; it is doubtful if intermetallic compounds are forined with 
either (see, however, p. 214). It is oxidised to trioxide by the action 
of nitric oxide ^ at 200° C. It is very slowly attacked by ammonium 
nitrate.'^ 

Bismuth will dissolve to a slight extent in solutions of alkalis, and 
evidence has been obtained of the formation of alkali bismuthites.® 
The position of bismuth in the electromotive series is a little doubtful ; 
in the series as usually given its position is anomalous, since it lies 
between antimony and arsenic, thus : 


1 ipatiev, Jim., Ber., 1931, 64 B, 2725; Ipatiev, Jun., Molentiii and Teodorovich, 
Bar., 1931, 64 B, 1964; Ipatiev and Razuvaev, Ber., 1930, 63, 1110. For the action of 
the free radicals methyl and ethyl on bismuth, see Paneth, Trans. Faraday Soc., 1934, 
30, 179. 

- Thomas and Dupais, Com.pt. rend., 1906, 143, 282; Cowper, J. Chem. Soc., 1883, 
43, 153; Chem. Ncics, 1883, 47, 70; Thomsen, Ber., 1883, 16, 40; Muir, J. Cliern.. Soc., 
1876, 29, 144; Deherain, Bull. Soc. chim., 1862, 22; Weber, Pogg. ArmnJen, 1859, 107, 

598; Schneider, ibid., 1855, g6, 130: Heintz, ibid., 1844, 63, 60; Moissan, Ann. Chini. 
Fhys., 1891, [6], 24, 247. 

" Schonbein, J. prald. Chem., 1864, 93, 59. 

Spring, Ber., 1883, 16, 1001. 

^ Oeitner, A-unaleu, 1864, 129, 354; Uhl, Ber., 1890, 23, 2154; SchilT, AnnaJen, 1861, 
1 1 7, 95. 

*’ Muller and Barck, Zeiisch. anorg. Cheni., 1923, 129, 309. 

" Tammann, ibtd^., 1922, 121, 275. 

® Grube and Schweigardt, Zeitsch. Elektrochem., 1923, 29, 257. 
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Cs . . . Zn, Cd, Fe, Co, Xi, Sn, Pb, H, Sb, Bi, As, Cu, Fig, Ag, 

Pd, Pt, Au . . . F 

If the elements are arranged in the order of the heats of formation of the 
chlorides the following series is obtained : — 

-Fig, Tl, Pb, Bi, Sn, Sb, As, P, Te, Se, S~ 

which is in fair agreement with the order of the electrode potentials. 
All the elements in this scries are electronegative to elements which are 
truly electropositive, such as the alkali metals, and are electropositive 
to those which are truly electronegative, such as the halogen elements. 
They may be regarded as amphoteric, a view that is supported by the 
behaviour of their compounds with alkali metals.^ Many of these 
compounds are metallic in character, and are decomposed by water, 
probably hydrolytically, with the formation of a hydride of the more 
electronegative element. (Evidence for this has been obtained in the 
case of sodium stannide.) These compounds with alkali metals are, 
however, soluble without decomposition in liquid ammonia, and the 
solutions behave as electrolytic conductors. Thus in a solution of 
sodium bismuthide in liquid ammonia it is probable that the anion is 
composed of a group of bismuth atoms, sodium forming the cation, 
since these solutions behave similarly to those of ordinary salts, and 
show no metallic properties. The electromotive series for these am- 
photeric elements corresponds with the series given above derived from 
the heats of formation of their chlorides, although the position of 
bismuth and phosphorus is doubtful owing to the sluggish action of their 
alkali compounds in solutioji in liquid ammonia.^ From the dceom- 
j.iosition voltages of metallic bromides dissolved in aluminium bromide 
the electromotive series is found to be ^ 

A41, Zn, Cd, Ilg, Sb, Bi- 

In the electrolysis of fused allo^^s of co 2 q)er, tin and bismuth at 1000° C. 
copper migrates to the cathode and tin and bismuth to the anode. ^ 

Bismuth can be precipitated from solution completely by tin, zinc, 
cadmium, iron, manganese and magnesium,^ but only j^artially by lead 
and copper.^’ 

The electrode jjoteniicd of bismutli luis f)cen determined with res])cet 
to varioTis cells. The normal potential between bismuth and a normal 
solution of a bism\ith salt in the cell 

Fig i KCl I A Bismuth salt j Bi 

is, for bismuth sulphate -0-490 volt, for bismuth chloride -0-315 volt 
and for bismuth nitra te - 0-500 volt. By calculation from the hydrogen- 
bismuth cell, using hydrochloric acid, the sjDccific potential ^ is -0-1635 

^ Kraus, Trans. Amrr. .ElcctrorJicm. Soc.^ 192-1, 45 , 175. 

“ Bergstrom, J. yi/ncr. C'hcni. Son., 1925, 47 , 1503. Lor the rolalionship oC bismuth 
lo tin; radioactive elements, see -loliot, J. Chbn. phijs., 1930, 2.J, 119. 

Isbekow, Znt'^c/i. 'physikal. Cho.ni., 1925, Ii6, 304. .See also isbekov, ZtUsch. a/norg. 
CItenh., 1930 185 , 324. 

' Krcmuinn and Seheil)el, Moii.alsh-., 1931, 57> ^-1 I . 

Brelinuer, M mial.sh., 1S93, 14 , 309; Laktor-, Thar/n. Post, 1905, 38 , 153. Sec also 
Kroll, .IfrlalL ■and Erz, 1922, 19 , 317. 

^ dacaiuelaiti, J. prakl. Chcia., 183S, 14 , 1; lleinsch, ibid., 18-11, 24 , 248. 

‘ Maimann, Zoilsch. phy-'^ikal. (Jlicm., 1894, 14 , 193. 

“ Koyes and (Jhow, J. Amor. Chcni. Soc., 1918, 40 , 739. Sec also -jellinek and Kiihn, 
Zeilsch. physiJcal. Chem., 1923, 105 , 337. 
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volt at 15° C., -0*1599 volt at 25° C. and -0*1563 volt at 85° C. In 
molar solutions of bismuth perchlorate the bismuth may be present 
either as BiO*^ or as . The electrode potential has been caleii- 

lated from e.m.f. measurements upon such solutions using a bismuth 
electrode.^ Assuming that all the bismuth is present as BiO " the 
potential is - 0*314 volt ; assuming that it is all present as BiOH~'^ the 
potential is -0*298 volt. 

Smooth erystalline cathode deposits of bismuth can be obtained by 
electrolysis of a solution of bismuth 2 :)erchlorate .2 The recommended 
solution contains 4 grams of bismuth trioxide and 10*4 grams of per- 
chloric acid in 100 c.c. of solution, with, as addition reagents, 0*03 per 
cent, of glue and 0*08 per cent, of cresol. In the absence of addition 
reagents, the decomposition, voltage of bismuth perchlorate is 1*62 volts ; 
for deposition a current density of 3*1 amperes per square decimetre is 
recommended. At present there apjDears to be very little practical 
demand for electro-deposited bismuth, but it is possible that the process 
may be applicable to the manufacture of certain components for 
electrical and magnetic apparatus.^ The process does not appear to be 
suitable for the refining of bismuth. 

In a normal solution of bismuth silicofiuoricle ^ the electrode 
potential, compared with the hydrogen electrode, is -0*295 volt. It is 
reported that a Japanese company employs a solution of this nature for 
the refining of bismuth.^ 

The overvoltage for bismuth ® in 2N IT 2 SO 4 at 25° C. is 0*388 iii0*0()t 
volt. 

The anodic corrosion of bismuth in nitrate solutions has been studied A 
under suitable conditions bismuthyl nitrate is formed. In alkaline 
solutions bismuth dissolves anodically to form alkali bismuth! te. When 
the concentration of the solution exceeds one gram of bismuth per litre 
the anode becomes passive as a result of the formation of a coating of 
oxides of bismuth.® Bismuth also dissolves at the cathode in alkaline 
solution.^ 

Sols of bismuth have been prepared in a \'aricty of ways. In the 
earlier methods, organic salts of bismuth were reduced in very dilute 
solution, as for the preparation of bismuth monoxide. The electric 
pulverisation method has also been employed. iMore recently, in- 
vestigators have eiujDloyed chiefly reduction methods, formaldehyde, 
sodium bisulphite and sodium thiosulphate being used as reducing 
agents. The sols produced arc frequently very unstable, but the 
stability is greatly increased by the addition of j^rotcctivc colloids. 

^ Smith, J . Aracr. Clieni. Soc., .1923, 45, 06O; Swift, ibid., p. 371. 

- Harbaiigh and iMathers, Trans. Avier. EUctrocke.rn . Soc., 1933, 64, 293. 

^ See further, Fink and Gray, ibid., 1932, 62, 123. 

Torster and Schwabe, Zeitsch. EleJcirochcm., 1910, 16, 279. 

^ Eng. Mining J., 1929, 128, 89. 

Thiel and Hanimcrschmidt, Ztilsch. anorg. Chem., 1923, 132, .15. See also Lloyd, 
Trcmn. Earuday Soc., 1929, 25, 525. 

Ih'ideaiix and Hewis, J. Soc. Chem. Ind., 1922, 41, 17G. 

^ Gr-iihe and Sell weiuardt, Zeif.-tch. Ehddrochchi., 1923, 29, 257. See also XewbcTTy, 
J. Chi m. Soc,, 191 (), 109, I0()(). 

raneih, Zeitsch. ElekirocJitni ., 1925, 31, 572. 

Vanino and Trenbei't, Ber., 1899, 32, 1072; Ikirduo, Pharm. Zirdr.-h., 1899, 40, 
279: LoUermoser, J . j/rahl. Chem., 1899, 59, 489; Gnlhicr and .Hofmede/', Zedech. among . 
Cfic'nl., 1905, 44, 22.5. 

Bredig, Zeitsch. Elcklrochtin., 1897, 4, 514; Zeitsch. angew. Chem., 1898, ii, 951; 
Bredig and Haber, Ber., 1898, 31, 2741; Svedberg, Ber., 1905, 38, 3616; 1906, 395 1705. 
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There is evidence that man}^ of these sols are contaminated by oxideA 
Evidence of sol formation has been observed during electrolysis of 
distilled water between bismuth electrodes using a low voltagcA 


Atomic Weight of Bismuth. 

[Xole . — The bracketed numbers refer to list of references under table on p. 148.] 

Until comparatively recent years the values obtained for the atomic 
weight of bismuth by different investigators varied considerably. This 
was, in general, due to two causes : firstly, the difficulty of obtaining 
pure bismuth compounds, and secondly, the tendency for inorganic 
salts of bismuth to form basic complexes through hydrolysis. The 
earliest Amines Avere obtained b}- Lagerhjelm,^^^ Avho coimerted metallic 
bismuth into oxide, sulphide and sulphate respectively and determined 
the ratios 2Bi : BioO.,, 2Bi : BigSg, and 2Bi : Bio(S04)3. Subsequently 
many iiiA'cstigators repeated these determinations and obtained Amines 
Amrying from 208 to 210. Dumas converted the metal into chloride 
and determined the ratio 3Ag : BiC^. Marignac prepared bismuth 
trioxidc from bismuth nitrate. The nitrate Avas first purified and then 
eoiwcrtcd into basic nitrate, the latter being coiwerted into the oxide 
by heating. In one series he reduced the oxide to metal by heating in a 
current of liA'drogen and determined the ratio 2Bi : Bi203 ; in another 
lie coiiAmrted the oxide into the sulphate and determined the ratio 
BioO.j : Bi2(S04)3. Classen, in 1890, realising the difficulty of obtain- 
ing pure bismuth, purified the metal electrol^dically ; from the ratio 
2Bi : BioOg he obtained the Amlue 208*92, which approximates closely to 
tlnat noAv generally accepted. Later, Gutbicr and his collabora- 

tors adopted a Amricty of methods and obtained values all of AAdiich Avere 
in the neighbourhood of 208. More recently, Honigsehmid and Bircken- 
baeh prepared specimens of the chloride and bromide of bismuth Avith 
great care, taking special precautions to exclude all moisture, and from 
Hieir analyses of these salts obtained a mean value of 209. Classen 
and his collaborators concluded that organic compounds of bismuth 
v'ould be more suitable for atomic Aveight determinations as they Avcrc 
less liable to form basic complexes. They prepared specimens of 
bismuth tn])hc:nyl, and from the ratio 2BiPho : BioC)3 deriAUKl the mean 
A'ahie 209'00. The chief values obtained by different iiiA’cstigators are 
recorded in the table on p. 148. 

In 1921 the value adopted by the International Committee Avas 
2()8*()0 ; at ])rcscnt (1936) the accepted A'alue is 209 * 00 . This is in 
agreement Avith the Avork of Aston,^ who determined the mass number 
of bismuth to be 209. 

Bismuth is a simple element, no inactiA'c isotopes haAung been 
discoAV^red.'^ BadioactiA'e isotopes, such as thorium C, arc knoAvn, 
hoAvcAvr. 

1 Gutbior, Ollenstein and Adam, Zeitsch. anorg. Ckcm., Ib27, 164 , 287; Gutbicr, 
ihid., 151 , Ibb; Gutbicr, Kautter and Gctncr, ihid., 1925, 149 , IbT; Gutbiei- and 

Kanltcr, ihid , 1925, 146 , JGb; Itapcnta and ]tcisler, 6k3k IdUnit, 1927, Ib!522b; Paal 
and di I'ol, Idr., !92f), S 9 B, 877; I Ingounciuj and Loiselciir, Couipt. rend., J92(), 182 , 
S51. 

“ Pa\lo\- KoUfjid Znif.sr.h., 1021, 34 , 100. See alao .Moriuiiclii, J. (Jhcni. doc. Japa}!, 
I9:rb 54 , Ib'lT. 

" A.'iloii, Xdinre, 1.921, 114 , 717; /V/,/7. d/uy,, 1025, 49 , 1191. 

Aston, lac. cil. See, however, Allison and Bishop, Fhyn. Jiericiv, J933, 43 , 48; 
Chemisches Werk Klopfer, German Patent, lOoO, 540083. 
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THE ATOMIC WEIGHT OF BISMUTH. 


! Aiitliority. 

i 

1 

1 

Ilatio Detenninecl. 

Xo. i 
of ! 
Expts.i 

Atomic j 
AVeight. 

Lager hj elm (1814) 

2Bi : BiaSg =100 : 122-32 

i 

4 ’ 

215 


•2Bi : Bi2O3 = 100 : 111-3285 

2 

211-8 

Sehneider (1851 ) . 

2Bi : Bi203 = 89-6352 : 100 

8 

208-00 

' Dumas (1859) 

3Ag : BiClg = 100 : 98-003 

9 

210-806 

Marignac (1883) . 

2Bi : BioO., =89-682 : 100 

6 

208-60 : 


BijOg : BigdO Ja = B'O : 151-726 

6 

208-18 

j Lowe (1883) . 

2Bi : Bi,03 = 89-648 : 100 

2 

207-84 , 

Classen (1890) 

•2Bi ; Bi20,,= 89-696 : 100 

9 

208-92 

Sehneider (1894) . 

, 2Bi : BigOg =89-637 : 100 

6 

208-04 

(rutbicr and Bircken- 

: 2Bi :Bi,0, =89-656 : 100 

10 

208-02 

bach<8> (1908) 

; =89-662:100 

6 

208-15 

Gntbicr and Mehlcv 
(1908) 

BiBi-g : 3AgBr =79-467 : 100 

8 

207-959 : 

Gutbier and Jans- 

! 2Bi : Bi2(S04)3 =59-084 : 100 

6 

208-081 , 

sen <>»> (1908) 



dc Coninck and 

BiClg : Bi =2-1400 : 1-4165 

4 

208-40 

Gerard (1916) 



i Classen ai\d Ney 

•JBiPhg : Bio03 = 188-954 : 100 

10 

208-949 

1 (1920) 



IIoniifS(thniid and 

BiClg : .3AgCl =73-3426 : 100 

20 

1 209-01 , 

nirekcnbach * 

= 73-3399 : 100 

15 

. 209-00 

(19-21) 

BiBi-g : 3AgBr= 79-6474 : 100 

14 

208-98 


BiBl-g : 3Ag =138-655 ; 100 

1 

209-00 

; Classen and Straueli^^'^^ 2BiPho : = 188-902 : 100 

i 

209-029 

(1924) 





Lagcrli jclm, Annals of Philosophy, 1814, 4, 358. 

Schncicler, Poyg. Amudtn, 1851, 82, 303. 

Diiinas, Ann. Chim. Pkys., 1859, 55, 176. 

^larignao, ArcJi. Sci. phys. nat., 1883, [3], 10, 10. Sec Bailey, J. Clunn. S'oc., 1887, 
51, 076. 

Lowe, Ztilscli. anal. Chtni., 1883, 22, 498. 

Classen, Pen'., 1890, 23, 938. 

Sehncifler, J . j)rn'kt. Chem., 1894, 50, 461, 

Gutbier and Birekenbacb, ibid., 1908, 77, 457. 

Gutbiei; and Mehler, ibid., 1908, 78, 409. 
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Alloys of Bismuth. 

Alloys of bisniiith are not used to a great cxtcnb in industi’y. The 
low melting point of the metal, and the faet that it forms simple euteeti- 
ferons series of alloys witli certain other metals, enables it to be used, 
however, in the manufacture of “ fusible alloys.” ^ These are mainly 
ternary or quaternary alloys of bismuth, tin, lead and cadmium ; some 
typical analyses are as follows ; 


COMPOSITIONS OF SOME “FUSIBLE ALLOYS.” 


Xanie. 

Bi. 

Pb. 

' Sn. 

Cd. 

M.pl. C.). i 

X'tnvtonds . 

50 

31 ! 

19 


95 

Rose's 

50 

28 

22 


100 

Dareet’s . 

50 

25 

25 


93 

Wood's 

50 

24 ; 

14 

12 

71 





[ 

M.pt. 70° C., 

Lipowitz' 

50 

27 

13 

10 - 

softens at 





1 

60° C. 


The freezing point diagrams, and in some cases the conditions of 
equilibrium, of a number of binary alloys of bismuth have been in- 
vestigated. They may be described briefly as follows : - 

Bismuth -Lithium.^ — Two compounds are formed : Li 3 Bi (M.pt. 
1145° C. ) and LiBi (formed by a peritcctic reaction at 415° C. ). The 
latter is dimorphous, with a transition point at 400° C. Xo ranges of 
solid solution have been observed. There are two eutectics, at 14 atoms 
per cent, lithium (M.pt. 243° C.), between Bi and a LiBi, and at 97-5 
atoms per cent, lithium (M.pt. 175° C.), between Li andLi^Bi. Primary 
crystals of /3 liBi are formed only between 35 and 37 atoms per cent, 
lithium. 

Bismuth- Sodium.^ — Two intermctallie compounds are indicated: 
Xa^Bi (M.pt. 790° C.) and XYiBi (decomposing at 450° C.). A eutectic 
is formed at 97-5 per cent, bismuth (M.pt. 218° C.). The compound 
X'aBi crystallises with a tetragonal, body-centred lattice: =3-46A., 

c ==4-S0 A. The unit cell contains one atom of each element, the lattice 
containing no complexes of bismuth atoms. Comjdexcs, such as 
X^a^Bi.yc-rXTL;,, are however formed with liquid ammonia, which, on 
removal of ammonia, yield mixtures of XTiBi and bismuth. 

Bismuth-Potassium.® — Two eomjDOunds are formed: KBi 2 (M.pt. 
553° C.) and K^Bio (M.pt. 073° C.). A transformation occurs in the 
latter at 281° C. A eutectic is formed at the bismuth end of the system, 
melting at 64° C., and the liquidus curve sliows discontinuities at 18 per 

^ Thews, MetaUborse, 1930,20, 1097, 1 L53, 1211; Bu}r-/iu of Sta/idard-.-i, 1030, Circular 
Xo. 388 ; Larravano and -Sirovich, Ca.zztlta, 1912, 42 I, 630; TJommel, Ztil.sc/i. Metall- 
tiuult, 1921, 13 , 45 G, oil, 06.0. 

- I-)i.tcrnulio)ial Critical Tables, 1927, 2 , 419. 

Orubc, \Tsskiililcr and Selilcehi, Zcitsch. llleldroclicm.., 1934, 40 , 270. 

Mathewson, Ztilsch. anorg. Chou., 1906, 50 , 171. 

Zinll and Dullenkopf, Ztitsch. iihysikal. Chem., 1932, B 16 , 183. 

^ Smith, Zeitsch. anorg. Chem., 1908, 56 , 109. 
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cent, bismuth (373° C.), 24 per cent, bismuth (423° C.) and 79 per 
cent, bisnmtli (281° C.). The compound KBio crystallises with a cubic, 
hicc-centred lattice : a ^ 0-501 —O-OGo A. There arc eight molecules in 
the unit cell.^ 

Bismuth -Copper.- — These metals Ibrni a sini])lc cutcctircrous 
scries ol alloys with the eutectic close to the bismuth end, melting at 
268° C. X-ray analysis reveals that the lattice of each metal remains 
unchanged and indicates that the mutual solubility is very low. The 
influence of bismuth on the mechanical properties of copper is con- 
siderable, the j^resence of 0*05 per cent, producing brittleness. The 
addition of arsenic mitigates to some extent the effect of bismuth. 
With more than 0-005 per cent, bismuth, copper is unsuitable for wire 
drawing.^ 

Bismuth -Silver.^ — No compounds are formed. A eutectic is 
found at 2-5 per cent, silver (melting at 260° C.), and the maximum solid 
solubility of bismuth in silver is about 5-5 per cent. These results are 
confirmed by X-ray analysis. 

Bismuth- Gold. ^ — A eutectic is formed at 83 per cent, bismuth 
(240° C. ) ; the solid solubility of bismuth in gold is approximately 4-5 per 
cent. Although neither bismuth nor gold exhibits the phenomenon 
of superconductivity, the eutectic mixture becomes superconducting 
at -271-1° to -271-6° C. It is stated that the superconductivity is 
localised in the solid solution phase. ^ 

Bismuth-Magnesium.'^ — One compound is formed, Mg 3 Bi 2 (M.pt. 
823° C.), which exists in two modifications, a and /3, the transition 
temperature being 700° C. for the pure compound and slightly lower for 
allo 3 ^^s containing a slight excess of magnesium. There appears to be a 
slight range of solid solution of magnesium in the compoimd. Two 
eutectics are formed, at 14-3 atoms per cent, bismuth (M.pt. 551° C.) 
and at 95-7 atoms per cent, bismuth (M.pt. 260° C.). 

Bismuth -Calcium.^ — Two compounds are formed : CaBig (de- 
composing at 506° C.) and CagBio (M.pt. 928° C.). A third compoimd, 
CaBi, may also exist. There are two eutectics, at 0-5 per cent, calcium 
(M.pt. 270° C.) and at 88 per cent, calcium (M.pt. 785° C.). The heat of 
formation of the compound CagBi^ at 21-5° C. is 51,600 gram-calorics 
per mole. 

Bismuth -Zinc. — A eutectic is formed at 97 per cent, bismuth 
(M.pt. 250° C.). Within the range of composition between 1 and 70 

^ Zintl aiul Harder, Zeii^c/i. 'phyaikal. Cham., 1932, B i6, 200. 

- Jerioinin, Zeitsch. auorg. Clitm., 1907, 55, 412; Elirct and Tine, Plul. Mug., 1930, 
[7], 10, 551. 

Treude, Mciallborse, 192S, 18, 818; Johnson, J. Inst. Metals, 1012, 7, 240. 

^ Petrenko, Zeitscli. auorg. Chern., 1906, 50, 133; Broderick and Ehret, J. Thys. Chem., 
1931, 35, 2627, 3322. 

Vogel, Zeitsch. auorg. Chem., 1906, 50, 145. 

^ de Haas and Jurriaansc, Froc. Acad. Sci. Amsterdam, 1932, 35, 748; Naturricis.std- 
schajien, 1931, 19, 706; de Haas, MetuUwlrtschaft, 1930, 9, 149; dsaiurivlssenschafttn, 
1929, 17, 85; de Haas, van Aubel and Vooud, Froc. Acad. Scl. Amsterdani, 1929, 32, 
226, 724. 

' Grube, Moil]' and Borniiak, Zeitsch. Eleldroche-tn., 1934, 40, 143; Kawakami, Sci. Ftp. 
Tohol'ii Imp. U niv., 1930, 19, 521; Gnibc, Zeitsch. anorg. Chem., 1906, 49, 72. 

^ Kurzynicc, Bull. Acad, polonaise, 1931 A, 31. See also Donski, Zeitsch. anorg. 
Chem., 1908, 57, 185; Ivrcmann, Wastall and Scliopper, Forschungsaibeilcn, zur 

Metullhunde, 1922, [5]; J. Inst. Metals, 1924, 32, 529. 

Curry, J. Fhys. Chem., 1909, 13, 589; Honda and Isbigaki, Sci. Rep. Tohobii 
Inip. Univ., 1925, 14, 219; Matbewson and Scott, Zeitsch, Metallkunde, 1914, 5, 1. 
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per cent, bismnth the melt, above 417^ C., consists of two immiscible 
liquids . 

Bismuth-CadmiumA — These metals form a simple euteetiferoiis 
s^^stem with a eutectic at 40 ]3er cent, eadmiiim (M.pt. 149° C.). 

Bismuth -Afercury.“ — The two metals are mutually insoluble in 
the solid state ; a enteetic is formed verv close to the mercurv end of 
the scries (ALpt. -39°Ct). 

Bismuth -Aluminium.^ — Within the range of composition between 
B and 98*7 per cent, bismuth the melt, above 650° C., consists of t^yo 
laiiniiscible liquids. The addition of small amounts of bismuth to 
aluminium causes a slight depression of the melting point, the maxi- 
irium depression being 3-5° C. Bismuth is slightly soluble in aluminium 
in the solid state, but aluminium appears to be insoluble in bismuth. 

Bismuth- Gallium A — In this system there is a range of com- 
position within wdiich the melt consists of two immiscible liquids. The 
niaximum solid solubilit}" of gallium in bismuth is 11 per cent. 

Bismuth -Thallium.^— In this S 3 ^stem maxima occur on the 
liqnidus curve at 10 per cent, bismuth (307° C.) and at 62 per cent. 
Gisniuth (220° C.); the latter corresponds to the compound Tl.Bij. 
Kutectics are found at 5 per cent, bismuth (AI.pt. 300° C.), at 46 per cent, 
bismuth (AL])t. 180° C.), and at 78 per cent, bismuth (ALpt. 200° C.). 
TMiere are thme ranges of solid solution : a between 0 and 4 per cent, 
loisinuth, /S between 5-5 and 32 per cent, bismuth, and y between 
•57 and 65 per cent, bismuth. The last contains the compound TlgBig. 
'This compound becomes superconducting ^ at -266*8° C. 

Bismuth- Silicon.' — In this system, within the range of com- 
position between 2 and ap])roximately 100 ].)er cent, silicon the melt, 
iihove 1415° C., consists of two immiscible liquids. A eutectic is formed 
ivt 0*8 per cent, silicon (ALpt. 204° C.). Solid solution occurs to only a 
very sliglit extent. 

Bismuth-Cerium.® — Tlie following compounds are formed: 
Cc^Bi (dccomjDosing at 1395° C. ), Cc,iBi 3 (Al.pt. 1630° C.), CeBi (decom- 
posing at 1520° C. ) and CcBi 2 (decomposing at 870° C.). Eutectics arc 
i'ound at 5*3 per cent, bismuth (Al.pt. 757° C. ) and at approximately 
TOO per cent, bismuth (ALpt. 270° C.). Discontinuities occur on the 
Jic^uidus curve at 33 per cent, bismuth (1359° C.), at 69 per cent, bismuth 
(1520° C.) and at 82 per cent, bismuth (870° C.). 

Bismuth -Tin. ^ — A eutectic occurs at 58 per cent, tin (Al.pt. 135" C.), 

1 Ui.^choj', Zcjtdch. itch/ii.sche 1925, 6, 146; Tainmaiiu and licinzel, Zaitsek. 

fjHorg. Ckc'ui., J92S, 176, 147. 

- Pusliin, Zeitscli. ariorg. Chttn., ]903, 36, 201. 

Gwyer, ZeilscJi. aiiory. Chou., 1906, 49, 31 J; Hansen and Bluincntlial, Mdallivirl- 
193J, 10, 925. 

^ Puslnri, Sicpanovic and 8lajic, ZtUscfi. anorg. Chtra-., 1932, 209, 329; Jvroll, Mctall- 
'irirtschaft, 1932, ii, 435. 

^ IviH'nakov and Ageeva, Arvii. Inst. Anal. Phtjs. Clwni., 1935, 7, 49; Olaiider, Ze-itscli. 
JCrlst., 1934, 89, 89; Zeitsch. physikal. Chon., 1934, 169, 260; Kurnakov, Ziiemchu/.hnui 
jjinicl Taraiaii, Zeitsch. a.ii,or(j. Chcni., J914, 83, 200. 

de Haas, Jlctallujirtschaft, 1930, 9, 149; JSaturioissenochuJle/iy 1929, IJ, 85; de Haas, 
v^an Aubel and Yoogd, Verslag. AJ:ad. Wcle/ischapj'^rjh Anistcrdani, 1928, 37, 706. 

‘ Eiiret and Abram.son, J. A-'/ncr. Chcni. Sue., 1934, 5*^? 385; jette and Gcbert, J. 
CJ'hcnn. Physics, 1933, i, 753; Williams, Ztitsch. anorg. Ghtni., 1907, 55, 1. 

Vogel, 1914, 84, 323. 

^ Tliomas and Evans, Phil. Mag., 1934, 17, 65; Bucher, Ztilsch. anorg. Chc/n., 1916, 
98, 97; Kapp, Ann. Physik, 1901, 6, 754; Solomon and Morris Jones, Phd. Mag., 1931, 

II, 1090. 
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the,, 1 pee ee„t, i„ eaeh’etf Tke “* «n°it pXw : 

conducting i at -269-24° C. ' eutectic mixture becomes suuci- 
Bismuth-Lead. 2 — There tt-p 

eutectic is formed at 58 per 000^ hi^ “'*®f"eta]]ic compounds A 

pCT mM solid 

1 V.‘ solid solubilitv of Ifoi • 125 C. and 16 per cent 

an slightly less at 0° C. The euteeU ^ 125° C 

Thflf^/^ temperature slightly above ^ becomes supercon- 
The hardening effect of bismuth on le^d fs Point of helium.^ 

h:r,]m ^^^‘^th-Antimony.^ — These mctni r** antimony 

solid solutions. The liquidus curv^ eontinuous series of 

points of the component metals and the^^ wholly beUveen the meltino- 

range of composition lying between within the 

X-ray analysis indicates that thes^ n bismuth. 

r lombohedral structure ; the lattice ^^Py^tallise with a face-centred, 
decomposition. (Seep. 42.) vanes almost linearly with 

Bismutli - Selenium ® T^xrrx 

Within the range of composition ‘ Xbove 608° C. and 

the melt consists of two immiscible selenium 

approximately pure bismuth and nm-A ^ Eutectics are formed at 
^^^Eismuth-Tellurium One ^ aa (See fig. 10.) 

J!?:pC).iO»™ed. EutKacroeo^Tlf,, »pt. 

BCTc L™,? ,®5 ® P“ •>is,«uth (M pt th- c'l tT"”’ ‘-''-P*- 

. 3 oims solid solutions with both of t^A ""i ^ compound 

Bismuth-Manganese 8__a a^ * ^ • ^Ements. (See fig 10 ) 
manganese (M.pt. 263° C.). Above T9io°'r 

consfs?;onwoT4?sdbB;S "-Sanet tSe?t' 

Bismutli ■“ Xron ^ 
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Bismuth-CobaltU — A eutectic is formed at 97 23er cent, bismuth 
(]\L})t. 260° C.). Above 1350° C. and within the range of composition 
from 9 to 95 per cent, bismuth the melt consists of two immiscible 
lic}uids. 

Bismuth -Nickel." — Two compounds are formed, NiBig (decom- 
posing at 560° C.) and NiBi (decomposing at 720° C.). There is a 
eutectic at 0-7 per cent, nickel. Discontinuities occur on the liquidus 
curve at 4 per cent, nickel (560° C.) and 12 jDer cent, nickel (720° C.). 
The solid solubility of bismuth in nickel is 5 per cent. ; this solid solution 
is magnetic below the tempei^ature range from 360° to 396° C. 

Bismuth -Rhodium.^ — Three comj^ounds are formed, RhBi 4 , 
RhBio and RhBi, At 433° C. the compound RhBi^ is decomposed and 
RhBio formed. There are three eutectics, at 7 jDer cent, rhodium 
(M.jDt. 260° C.), at 19-8 j^cr cent, rhodium (M. 2 )t. 772° C.), and at 31-5 
per cent, rhodium (M.pt. 995° C.). 

A few ternary alloy systems containing bismuth as one of the com- 
ponents have also been investigated. Among them may be mentioned 
the systems bismuth-zinc-cadmium d bismuth-tin-zined and 
bismuth-tin-lead. ^ In the last system a ternary eutectic is formed 
containing 52 ^Der cent, bismuth, 16 per cent, tin and 32 per cent, lead ; 
it melts at 96° C. It has also been suggested that a ternary comjDound, 
BigSnPb, is formed as a result of a reaction in the solid j)hase. This 
com^^ound is stable below 76° C., but above that temperature it decom- 
poses, forming three solid solutions.'^ 

The quaternary system bismuth-cadmium-tin-lead has also been 
investigated.® A quaternary eutectic is formed containing 49*5 per 
cent, bismuth, lOTO joer cent, cadmium, 13T3 per cent, tin and 27-27 
per cent. lead. It melts at 70° C. (See table, p. 149.) 

^ Lcwcorja, Zeiisch. anorg. Chew., 1908, 59, 293. 

“ Voss, ibid., 1908, 57, 34; Hagg and Funkc, Zeitsch. physikaL Chern., 1930, 6, 272. 

^ Bode, Ann. Ind. Flatine, 1929, Xo. 7, 21. 

Matbewson and Scott, Zeitsch. M etallhunde, 1914, 5, 1. 

^ Muzallar, J. Chem. Soc., 1923, 123, 2341. 

Mazzotto, Zciisch. MeJiillkunde, 1913, 4, 273; Shepherd, J. Phys. Cheyn., 1902, 6, 
519; Charpy, Compt, rend., 1898, 126, 1569. 

‘ Tsihara, idci. Rep. Tohohu Iwj). Univ., 1929, 18, 715. 

^ Barravano and Sirovich, Gazzetia, 1912, 42 I, 630; Hommel, Zeitsch. i\I.etaR]cu'ndc, 
1921, 13, 511, 565. 



CHAPTER IV. 


COMPOUNDS OF BISMUTH. 

General. — In accordance with its position in the Periodic Table, 
bismuth shows more metallic properties than any other element of this 
sub-oTOup ; it resembles the other members in showing- variable valency, 
but compounds other than tervalent are, in general, either unstable or of 
doubtful existence. Five oxides have been described, viz. bismuth 
monoxide BigOo, trioxide BigOg, tetroxide Bi204, pentoxide BigO^, and 
hexoxide BioO^. The lower oxides are definitely basic, although only 
the halides and some organic compounds of bivalent bismuth have been 
described, while the higher oxides show feeble acidic properties. No 
definite acid has been isolated, but alkali bismuthates, derived from 
quadri- and quinquevalent bismuth, have been prepared. These are, 
however, very unstable, being decomposed by water with evolution of 
oxygen. Salts of tervalent bismutli are readily hydrolysed by water, 
many intermediate products of great complexity being formed, the 
structure and composition of which are still to some extent uncertain ; 
the hydrolysis is, however, incomplete, as the final product is, in 
each case, an oxy-salt of the type BiOX, e.g. BiOCl. A characteristic 
feature of tervalent compounds, particularly the halides, is the tendency 
to form conpDlex compounds with halogen acids. In these complexes 
the bismuth atom appears to become quinquevalent and to enter a 
complex anion. ^ 

The Physiological Action of Bismuth and its Compounds. — 

Bismuth compounds are not appreciably absorbed into the systein 
when taken internally ; absorption appears to take place more readily, 
however, Avhen applied externally, as in a dusting powder. The salts 
are used mainly on account of their local action. Bismuth subnitratc 
(bismuthyl nitrate) is considered to be an astringent and an antiseptic, 
its action probably being due to hydrolysis causing the liberation of 
nitric acid. 

When taken by the mouth, bismuth preparations form a protective 
coating on the stomach and intestines. They arc used largely in the 
treatment of gastric affections and diarrhoea. Recently they have 
been used in the treatment of S 3 q 3 hilis and similar diseases, sodium 
potassium bismuthyl tartrate being most commonly employed. Bis- 
muth oleate is used for intramuscular injections. 

Bismuth subnitrate is believed to lessen the secretion of acid in the 
stomach ; it has been known to cause constipation. 

Bismuth, when absorbed, is stored up in the liver. 

1 Miiller and Kurtliy, BiocJicm. Zeit.y 1924, 147 , 3S5; Jellinek and Kuhn, Zeitscli. 
fhysikal. Chern.y 1923, 105 , 337; Noyes, Hall and Beattie, J. Amer. Chem. Soc., 1917, 
39 , 2526. 
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liarge quantities of bismuth can be administered without producing 
poisoning symptoms. Cases of poisoning have been reported, though 
in the older cases the poisoning was probably due to impurities, such 
as arsenic, iji tlie bismuth. Cases of poisoning are indicated first by 
ulceratiojis in the mouth, followed by vomiting and diarrhoea. Death 
ensues very rarely.^ 

Bismuth and Hydrogen. 

From the jiosition of bismuth in the Periodic Table it is to be expected 
that a stable hydride of bismuth would be formed only with difficulty. 
Until comparatively recently the existence of bismuth hydride was 
doubtful, but later iuA'estigations have revealed that a gaseous tri- 
hydride can exist, and that it resembles in mam^ ways the trihydridcs 
of antimony and arsenic. A solid hydride has also been reported.- 
Hydrogen is not absorbed by bismuth in the electric discharge tube.^ 

A substance described as bismuth dihydride, Bi 2 H 2 , has been 
obtained b}^ the action of zinc and hydrochloric acid upon bismuth 
trichloride. It is a grey solid Avhich decomposes when heated in vacuo 
or in a current of hydrogen.^ Tlie true nature of this substance is, 
however, not fully established.^ 

Bismuth Trihydride, BiHg, was first obtained in small quantities 
by the action of dilute hydrochloric acid (0-2A") on an alloy of mag- 
nesium and thorium C (a radioactive isotope of bismuth).^ It has 
since ])een obtained from a non-radio alloy of bismuth and magnesium 
by the action of more concentrated hydrochloric acid (4<A"). The best 
results ap])car to be obtained Avhen the magnesium is not completely 
alloyed with tlic bismuth but oidy sujicrficially coated with that metal. ^ 
With non-radio niatc.rial approximately 5 x 10—'' of the bismuth used is 
converted into the hydride ; tliis is about one-twentieth of the yield 
obtained when radio materials are employed. The formation of the 
tri hydride could not be detected when active hydrogen reacted with 
})owdered bismuth.® It is formed by an oscillating discharge between 
bismuth electrodes in an atmosphere of hydrogen.^ In the latter 
method it is essential that the products should be removed and cooled 
to room tcnq)craturc as rapidly as possible, and there must be a complete 
absence of organic substances. 

Bismuth trihydride is a gaseous compound which is almost as 
stable as antimony trihydride at ordinary temperatures but is readily 

^ Dixon, Manvjil of J^Iucrni/icolog-i/''' (London, 1929), 7tii Ed., 408; Cusliny, ''A Texi- 
Book of BlLnioiuicoloQif and Tlwrupculic^f' translated by Edmunds and Gunn (London, 
1928), 9tli Ed., 07.‘3. Tor bibliography, sec Anon, Analysty 1933, 58, 607. 

- Eor early rei'erences to bismuth hydride, see iluhland, ScJnocirjgerd J., 1815, 15, 
417; Meurer, ArcJi. Pluunt., 1843, [2], 36, 33; Eclilossbergcr and ITesenius, A'mialen, 
1844, 51, 418. 

^ Newman, Proc. Phys. Soc. London^ 1921, 33, 73. 

AVeclvcs and Druee, Aec. Trav. chim., 1925, 44, 970; J. Cktni. N'oe., 1925, 127, 1799; 
Xaliur., 1925, Ii6, 710. 

Sti'ccker and Daniel, Bcr., 1926, 59 B, 1691; Wcekos and Druee, Chem. Xews, 1926, 

133. -13. 

'' Eanetli, Bar., 1918, 51, 1704; Zeilscli. Eleldruchem., 1918, 24, 298. 

' J'anetli and Winternitz, Bar., 1918, 51, 1704, 1728, 

^ Eearson, Kobinson and Stoddart, Proc. Boy. Soc., 1933, 142 A, 275. 

^ Eoi'csti and JMascaretti, Gazzetta, 1930, 60, 745. ^ee also Daneth, Matthies and 
Schmidt- Hebbel, Btr., 1922, 55 B, 775. 

Eor the spectrum of bismuth hydride, see Hultheri and Hcimer, Nature, 1931, 127, 
557; 1932, 129, 399; Hulthen, ibid., 1932, 129, 56. 
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decomposed on heating. At 160° C. the amount of undecomposed 
hydride is So per cent., at 250° C. 9 per cent, and at 350° C. G to 7 per eent. 
At red iieat decomposition is complete. In the heated tube employed 
in the iMarsh test, a mirror similar to the antimony mirror is produced : 
a strong brown mirror is obtained in front of the heated spot and a 
fainter ring behind it. The hydride is completely decomposed by con- 
centrated sulphuric acid. The best absorption reagent for the gas is 
0-4A" solution of silver nitrate ; it is also partial!}' absorbed by normal 
potassium hydroxide solution, 0-4A^ solution of sodium carbonate, 
4A^ solution of sulphuric acid, and water saturated with hydrogen 
sulphide. Drying agents such as soda-lime and calcium chloride may 
also be used for its absorption, but water alone does not absorb it well. 

Bismuth trihydride can be distinguished from antimony trihydride 
by a luminescence method.^ The gas from the Marsh test is ignited, 
and bismuth is deposited on a small fragment of calcium carbonate held 
in the flame. If the calcium carbonate, after cooling, is placed on the 
edge of a hydrogen flame the bismuth on it will impart to the flame a 
cornflower blue coloration. Antimommn similar circumstances imparts 
an azure blue coloration. - 

Bismuth and the Halogens. 

In the principal compounds of bismuth with the halogens, the 
bismuth is tervalcnt. It is possible that an unstable pcntafluoride, or 
an oxy-tri fluoride, exists at low temperatures, but there is no evidence 

HALIDES AND OXYHALIDES OF BISMUTH. 


Fluorine. 

Chlorine. 

Bromine. 

Iodine. 


[BiCU] 

[BiBi-a] 

[Bin] 

BiF. 

BiClj 

BiBr^ 

BiL, 


[HBiClJ 

fl-IBiBr], 

fiiBiij 


[I-BBiCl^] 

[IBBiBr,] 

[HoBini 

H3BiF, 

[HBigClj] 

iH3Bi3n] 

BiOF ’ 

BiOCl 

BiOBr 

BiOI 

BiOF.2lIF 

[Bi,0,CU] 

1 [Bi 30 ,c 5 ] 

[Bi, 03 Cl,] 

[BisO^^Br,] 

[Bi^o^ni 

[BiF,] 

[BiOF3] 

i 

1 


, 1 


^ Taneth and Winterniiz, loc. cii. 

- See also Miiacllini, Boll. Ckim. farm.., 1929, 68, 10S6; Paneth, Johannsen and 
IMattliies, Ber., 1922, 55 B, 769; Paneth, Zeitsch. EleJdroch.tr/i., 1920, 26, 452; Vanino and 
Zumbnscli, Arch. Bhar^n., 1911, 249, 483. Por a comparison of the properties of the 
hydrides of elements of the fifth group, see Durrant, Pearson and Robinson, J. Cham. Soc., 
1934, 137, 730; Pearson and Robinson, ibid., p. 736. 
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for the existence of other quinqucvalent compounds except perhaps in 
complexes. Bi^^alcnt compounds of bismuth with the halogens (with 
the exception of fluorine) have been reported, but it is doubtful if these 
have been obtained in a pure state, and they are not very stable. With 
the exception of the fluorides, the halides are all hydrolysed by water, 
but the hydrolysis is not complete, the final product being an oxAdialide. 
The halides tend to form complexes with the corresponding halogen 
acid ; these complexes are themselves acidic, and in all cases except 
the fluoride, stable salts have been obtained. 

Bismuth and Fluorine. 

Of the two fluorides of bismuth that have been reported, the tri- 
fluoride is the only one known to exist with certainty. It is possible 
that an unstable pentafluoride may exist at low temperatures, but it has 
not yet been isolated. 

Bismuth Trifluoride, BiF^, is obtained by the addition of a con- 
centrated solution of potassium fluoride to a neutral solution of bismuth 
nitrate ; ^ or by the action of hydrofluoric acid upon bismuth trioxide.- 
In the latter case the mixture is warmed, and hydrofluoric acid is added 
as evaporation takes place. When the action ceases, the liquid is 
decanted and evaporated ; the residue is then heated until no more 
fumes of hydrofluoric acid are evolved. 

Bismuth trifluoride is a heavy, greyish- white, crystalline powder. 
The crystal has a face-centred cubic structure with four molecules in the 
unit cell : ^ 

a -5-853 -0-004 A. 

Its density ^ is 5-32 at 20° C. It is the most stable halide of bismuth. 
It melts without decoiujDosition and is only slight!}'^ volatile even when 
strongly heated. It is almost insoluble in both water and alcohol, and 
is not hydrolysed by cold or boiling watcr.^ It is decomposed by, 
and dissolves in, hot mineral acidsA It does not react with sul]3hur, or 
with the oxides of nitrogen. It dissolves readily on boiling in a con- 
centrated solution of ]:>otassium fluoride, but it has not been posisible 
to isolate a complex salt from this solution.'^ 

If, when prci^aring bismuth tri fluoride by the action of hydrofluoric 
acid upon l)isnmth hydroxide, the residue is only gently heated, a 
substance is produced which a])pca.rs to be a conq^lcx hydrofluobis- 
muthic acid, IIoBiF^ or BiF3.3TIF. It is a greyish-white, crystalline, 
deliquescent substance ; on heating it loses hydrofluoric acid, and on 
heating with water it is decomposed with the formation of bismuthyl 
fluoride, BiOF, an intermediate compound BiOF.2lTF being formed, 
which is dccom])oscd on washing Avith water. ^ Xo salts of this acid 
are known. 

If a l)oihng concentrated solution of ammonium fluoride is saturated 
with ])rocipitalcd bismuth liydroxide, and the solution allow^ed to stand 

^ Goll and Muir, Cho.m. Nr.ir.s, 1 SS7, 56 , 2.'37; J. Chtui. Son., LS88, 53? US7. 

- 31uir, 1 1 ofTnunslcr and J. C/uj/i. Soc., 1S81, 39 . 33. 

■' Ilass('l and iXilsscai, Zt-ifsch.. 'i/ior(f. (.hcjn.y 11)2!), l8l, 172. 

iriic dcnsiry calcailated from crystal struc.lurc is stated lo 1)(> S-Td. 
lU'i’/ and ifulla, Zo-iisch.. finortj. Clir.in., 1!)0!), 6 l, 3S7. 
tdilt'flon, Anitt . J. Sci.y 1877, |3J, 14 , 281. 
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for a long time, on cooling, small, transparent, rhombic or monoclinic 
crystals of ammonium fluobismuthate or bismuth ammonium 
fluoride, (NH[ 4 )BiF 4 , separate out. The crystals are easily decomposed 
by water, yielding bismuthyl fluoride ; and they dissolve in hot moder- 
ately dilute acids. ^ 

Bismuthyl Fluoride or Bismuth Oxy fluoride, BiOF, can be obtained 
by the decomposition of BiFg.SHF or of BiOF.2l-IF as described above ; 
or by adding freshly precipitated bismuth hydroxide to hydrofluoi’ic 
acid until the acid is just neutralised. “ It is described as a heavy, white 
powder, of density 7-5 at 20° C., not deliquescent, decomposed when 
heated to bright redness. 

Bismuth trifluoride does not combine with fluorine except perhaps in 
traces at - 80° C.^ If so-called bismuthic acid ” or potassium bismiith- 
ate is added to 40 per cent, hydrofluoric acid at -10° C., a colourless, 
very unstable solution is obtained which probably contains a compound 
of quinquevalent bismuth.'^ The compound has not been isolated, as 
it decomposes wHen the solution is evaporated. It may be bismuth 
pentafluoride, BiF^, but it appears more probable that it is mainly 
bismuth oxytrifluoride, BiOF 3 . The solution has strong oxidising 
iDroperties, as shown by its action on hydrochloric acid, potassium iodide 
and alcohol (the latter being oxidised to aldehyde). If potassium 
fluoride is added to the solution before evaporation, the substance 
BigO^F^.SKF separates out as small, yellow crystals ; with excess of 
potassium fluoride, a double compound of bismuth oxytrifluoride and 
potassium fluoride, BiOF3.3KF, is obtained as well-formed, colourless, 
prismatic crystals w'hich decompose in moist air, becoming yellow. 

Bismuth and Chlorine. 

Although the chief compound of bismuth and chlorine is bismuth 
trichloride, BiCl 3 , many of the older investigators held that a lower 
chloride, bismuth dichloride, BiClg or BioCI^i, also existed. It is 
stated that this compound is formed as a black substance when a slow 
current of chlorine is passed over powdered bismuth heated nearly to tiie 
melting point ; after prolonged treatment it changes to a light amber 
liquid from which the tidchloride can be obtained by sublimation.'’^ It 
is claimed that bismuth dichloride may also be obtained by heating a 
mixture of bismuth and mercurous chloride to between 230° and 250° C., 
by heating bismuth ammonium chloride in a current of hydrogen at 
300° C.,^ by the reduction of bismuth trichloride by bismuth, phosphorus, 
zinc, tin, mercury and certain organic compounds ” or by hydrogen,® 
and by heating bismuth trichloride with phosphorus trichloride.'^ 
More receiitl 3 g thermal investigations of the s^'stem Bi~BiCl 3 have been 
undertaken, but the evidence obtained concerning the existence of the 


^ von Holmont, loc. cit. 

~ Gott a 0(1 ^vliiir, loc.. ciL 

•' Buif, Koocli and Zcdiior, Zcilsch. CJuon., 1908, 57 , o2C. 

' Wc'inland and Lauensicixi, Ze.if.sch. a/ior/j. Cher//.., 1899, 20 , tfj. 

•' -Muir, J. Clitiri. Go/:., 1876, 29, J4-.1 ; Weber, Po/j{). A /dkiU ti. 1809, 107, O'JCi; ! Iclieraiii, 
B/ilL Goc. chilli., 1862, [11, 4 , 22; Tlioma.s, A/cn. Chini. Ph/js., IS98, [71, 13 , 1 iO. 
Schrieidc]', Po(j<j. A/nialen, iSOO, 96, 190. 

' W'cbei', loc. clt. 

^ Muir, loc. cit. Sec also, however, Heiritz, Fogg. Aniialen, 1844, 63 , 55. 

■* Miehaelis, J. jrralct. Chew..., 1871, [2], 4, 454. 
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dichloride is conflicting. Herz and Guttmann found a maximum on the 
liquidus curve at a composition corresponding to BiClg, the melting 
point being 163° C. and the density 4*85 to 4-88 (the latter value being 
lower than the density of the equivalent mixture of bismuth and 
bismuth trichloride) ; ^ while Eggink could find no evidence for the 
existence of BiClg but suggested that both BiCl and BiCT 4 (see fig. 5) 
were formed.^ According to Marino and Becarelli, the so-called bis- 
muth dichloride is reall 3 ' a solid solution ; but although the melting 
point of this solution is higher than that of either bismuth or bismuth 



trichloride, they were unable to determine any maxima on the lic[uidus 
curve on account of sublimation. This solid solution undergoes a trans- 
formation into a ^-variety, the change being accompanied by a. marked 
evolution of heat ; on fusion and cooling, these ^-crystals change into 
a-crvstals of different composition and two liquid phases separate out.^ 
An investigation into the free energy of fused bismuth trichloride did 
not afford any evidence in favour of the existence of a lower chloride."^ 

Tlic compound has certainly not been obtained ])ure, although by 
cooling the melt obtained by heating bismuth trichloride with bismuth, 
black, needle-shaped crystals have been obtained.^ The im])urc 
substance is dull black, and very hygroscopic ; it melts readily. Many 
of the reactions ascribed to it could almost equally well be ascribed to a 
mixture of bismuth and its trichlm-idc. When heated to about 300° C. 

^ llcrz and Oultmann, Zftl.srh. ftnorg. (.'firin., 1908, 56 , -122. 

“ Ivjuink, Zctlsvh-. ■])lujsikal . Clicni., 1908, 64 , 4-10. See also Zt/tsch. anorg. 

67no//,./l'009, 61 , no. 

^ Vafino and Bccarclli, AtU IL Accad. Linri i, ItMO, | \’ j, 24 , ii, (525; ! 0 !(l, [v'l, 25 , 

5,221,82(3. 

Bevoto and Giizzi, OuzztWi, 1029, 59 , 708, 

^ Weber, loc. cit. 
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in the absence of air the substance decomjDOses into bismuth and bis- 
muth trichloride A Heated in air it forms a mixture of bisinuth, 
bismuth trioxidc and bismuthyl chloride. ^ It is readily decomposed 
by water according to the equation 

SBiClo T 2 H 2 O =:Bi -r 4HC1 +2BiOCl 

It combines with chlorine to form the trichloride. With a concentrated 
solution of potassium hydroxide the so-called black bismuth suboxide is 
obtained, which rapidly oxidises to the ^^ellow trioxide. ^ Dilute acids 
decompose it yielding salts of tervalent bismuth and metallic bismuth. 

The substance does not combine with ammonia.^ It has been 
suggested, however, that a double compound with ammonium chloride 
is formed having the composition BiCl 2 .XH 4 Cl,^ although the dichloride 
is decomposed by a concentrated solution of ammonium chloride.^ 

Bismuth Trichloride, BiClg, appears to have been prepared first 
by Boyle in 1664," and later by Poll in 1713,^ by heating a mixture of 
bismuth and mercuric chloride. It may also be obtained by the direct 
union of the elements ; ^ by the action of hydrochloric acid upon 
bismuth in the presence of air,^^ concentrated hydrochloric acid upon 
bismuth trioxide, pentoxide or trisulphide, or aqua regia upon bismuth ; 
by heating bismuth trioxide, pentoxide or trisulphide in a current of 
chlorine, the oxides in a current of hydrogen chloride, or bismuth with 
phosphorus trichloride ; or by the action of silicon tetrachloride or 
sulphur monochloride on bismuth trioxide. 

The trichloride is usually prepared by heating bismuth in a rapid 
current of chlorine and subliming the product in an atmosphere of carbon 
dioxide ; by dissolving bismuth in aqua regia, evaporating the solution 
to dryness and distilling the residue in an atmosphere of carbon dioxide : 
or by dissolving bismuth trioxide in hydrochloric acid and proceeding 
as in the previous method. 

Bismuth trichloride forms a snow-white opaque mass which can be 
crystallised by sublimation, the ciu'stalline mass darkening on exposure 
to light A® Its density is 4*75 at 20" C. ; the thermal coenieient of 
expansion between 20° and 120° C. is approximately 167 xlO^^'; and 

^ Schneider, loc. cit. 

- Thomas, loc. cit.; Dcherain, loc. cit. 

Schneider, loc. cit. 

Deherain, loc. cit. 

^ Schneider, loc. cit. 

Weber, loc. cit. 

‘ Boyle, " Experiments and Considerations concerning Colour^^ (London), 1664. 

^ Poli, ''Mhnoires d-c V Academic des Sciences " (Pans), 1713, p. 40. 

^ Davy, Phil. Trans., 1812, 102, 169; Weber, Fogg. Annalen, 1859, 107, 596; Doheraio, 
Bull. Soc. cJnni., 1862, [1], 4, 22; Muir, J. Chern. Soc., 1876, 29, 144; Cowper, J. Chern. 
Soc., 1883, 43, 153; Thomsen, Ber., 1883, 16, 40. 

^^0 Ditte and Metzner, Cornpi. rend., 1892, 115, 1303; Ann. Chim. Phys., 1893, 29, 
389; Heintz, Pogg. Annalen, 1844, 63, 55, 559. 

Tanatar, Zeitsch. anorg. Chern., 1901, 27, 437. 

Mmr, Hodmeister and Robbs, J. Chern. Soc., 1881, 39, 32. 

Muir and Eagles, J. Chern. Soc., 1895, 67, 92; Rammler, Ber., 1891, 24, 354. 

Bird Mo}'er, J . A mer. Che.m. Soc., 1897, 18, 1029. 

Michaelis, J. praJd. Chern., 1871, [2], 4, 454. 

Rautcr, Annalen, 1892, 270, 251. 

Oddo and Serra, (kizzetta, 1899, 29, IT, 355. 

Liesegang, Photograph. Arch., 1893, 34, 177. 

Honigsehmid and Birckenbach, Ber., 1921, 54 B, 1873. 

Klemm, Tilk and iMiillenheim, Zeitsch. anorg. Chern,, 1928, 176, 1. 
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the molecular volume at low temperatures/ calculated from the density 
at -194V C. and the thermal eoelTicient of expansion, is G4-2. 

Idle melting point is 232° C. The densit}^ of the molten trichloride 
varies linearh^ between 250° C. and 350° C. according to the expression 

4*438 -0*00229^ 

The surface tension, determined by the method of maximum bubble 
pressure in an atmosphere of nitrogen, and other data for the density, arc 
as follows : ^ 


Temp., = C. . 

271 

304 

331 

■ 

353 382 

: Density, . 

1 Surface Tension 

3*811 

3*735 

3*682 

3*621 

3*554 

j (dynes per cm.) . 

66*2 

61*8 

58*1 

! 

55*3 

52*0 


The variation of the viscosity of fused bismuth trichloride with 
temperature is given below. 


Temp., ° C. 
Viscosity x 10“ 
(grams per cm. 

260 1 270 

i 1 

280 

290 

300 

310 

320 

i 

S:30 

310 

per sec.) 

i 32*0 , 29*5 

27*0 

25*0 

, 23*0 

21*5 

, 20*5 

19-0 

18*0 


The vapour jircssiirc of bismuth trichloride ® has been determined, 
and the boiling point " is 447° C, The heat of vaporisation is 18,()()0 
gram-calories per mole/ The vapour density (air = I) is 11*35, the 
calculated vapour density ^ being 10*89. 

A band spectrum of the vapour of bismuth trichloride lias been 
olrscrvcd in the region between the wavelengths 4300 A. and 5500 A. 
Tlic emitter appears to be BiCd ; the bands are degraded towards the 
longer wavelengths, and isotropic effects (due to chlorine) have been 
observed. 

Bismutli trichloride sublimes without decomposition in an atmo- 
sphere of carbon dioxide ; in air, however, a portion only sublimes 

^ Billz, Sap]X'r and IVunnenbcrpf, Zc.itscli. anorg. Chr-.rn., 1932, 203 , 277. 

- InierndiiorKil Cn'lical Table.-', 1926, i, 106. See aPo IMuir, J. Cheai. >Suc., 187G, 29 , 
144 . 

Ivienuainnal Cntiral Tables, 1928, 3 , 329; Voitit and. Biltz, Zcifsch. anorg. Chrm., 
1924, 133 , 277. Sec also Aten, Zeitseh. pkysikal. Cliem-., 1909, 66 , 641; dae^rerand Kahn, 
I^roe. K. A lead. Wctejisch. x\ insl< rda'tn, 1916, 19 , 397; daeger, Ze/dsch. a.norg. Clin/i., 1917, 
lOI, 1 . 

’ rJac'gcr, loc. ciL 

^ J/der/ifdin/icd Cr'dlad Tables^ 1930, 7, 212; Aten, loc. cd. 

Evnevitsch and Sucdiodski, J. Iluss. Phys. Chou. Par., 1929, 61 , ld03. 

" J ideriialiomd. Crtlicjd Tables, P,>28, 3 , 329. See also Maior, Burea.u of Alines TerJi.nn- 
logical Papp.r, 192“), 360 , 1; Carnolley aTid AV'ilhams, J. Chc))). Soc., 1878, 33 , 281 ; M(\yer 
and Ki'aiise, A'aniaJo/., 1891, 264 , 124; Anschutz and IVTycr, ibid., 1891, 261 , 297; Meyer 
and Fj'cyoi-, Zcd/srlr. a/torg. Chem., 1892, 2 , 4. For the elevation of the boiling point, 
pi'odnced by various solutes in bismuth iric.hlonde, see Rugtieiinor and Kudolti, .Aunalioi, 
IbtF), 339 , 311. 

iMaicr, loc. ciJ. 

'• rlaequclain, Ann. Chnn. Phys., 1837, [2], 66 , 113; J. prald. Cluon., 183S, 14 , I. 

!() OL.. . r.> ... i(e>i 1 'T I o 
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unaltered, the remainder being converted into non-volatile, colourless, 
mica-like leaflets of bismuth oxychloride.^ 

It will dissolve in hydrochloric acid, alcohol, acetone, liquid 
ammonia,^ and to a slight extent in liquid hydrogen sulphide.^ The 
solution in acetone behaves like an aqueous solution towards many 
reagents,^ and the solution in hydrogen sulphide does not conduct 
electricity.^ 

The absorption spectrum of very dilute solutions (A7I0,000) of 
bismuth trichloride in hydrochloric acid is characterised by a very strong 
selective action ; ® a deep band with its head at A = 3250 A. is prominent. 
Similar solutions of arsenic trichloride and antimony trichloride show 
general absorption only. The Raman spectrum of a solution of bismuth 
trichloride in hydrochloric acid consists of four lines, the fourth of which 
is exceptional^ strong." 

The heat of formation of the trichloride from the elements ® is 
00,630 gram-calories per mole. 

The reduction of bismuth trichloride has already been discussed 
(p. 158). In addition to the reactions given, reduction may be carried 
out by passing the vapour of the trichloride over magnesium heated to 
the melting point ; metallic bismuth is precipitated.^ 

The trichloride is deliquescent, and is decomposed by water forming 
bismuth oxychloride; with excess of water the reaction is conqDletc, 
whilst it is hindered by the presence of hydrochloric acid or alkali 
chlorides. 

No reaction takes place when bismuth trichloride is heated with 
sulphur monochloride or chromyl chloride. 

Bismuth trichloride reacts immediately with liquid hydrogen 
sulphide, even at low temperatures, forming an orange-red solid, which, 
after drving in a desiccator over sulphuric acid, has the formula 
BiSCl.BiCl 3.13 

The trichloride reacts with hydrogen sulphide in the dry way witli 
the formation of bismuth thiochloride, BiSCl.i^ Bismuth thiophosphate, 
BiPS 4 , is formed by the action of phosphorus pcntasulphide.i^ 

When heated in nitric oxide, bismuth trichloride forms a yellow 
crystalline substance BiCl 3 .NO, which is dccomj^osed by water. 1 ® This 
substance can be melted in a sealed tube without decomposition, and is 
very hygroscopic. 1 ^ Bismuth trichloride also absorbs nitrogen peroxide 

1 Jacquelain, loc. cii. - Gore, Froc. Foy. Soc., 1873, 21, 140. 

^ Antoni and Magri, Gazzetia, lOO."), 35, I, 206. 

Nanmann and Schniz, Ber., 1904, 37, 4331. 

^ Quam and "Wilkinson, Froc. lcm:a Acad. Sci., 1925, 32, 324. 

Macbeth and M.axwcll, J . C7ie,m. Foe., 1923, 123, 370. 8cc also Schafer and Hein, 
Zcifsch. annrg. Cham.., 1917, 100, 249. 

" Daurc, ComyA. rend.-., 1928, 187, 940. 

® Thomsen, '' TherinorJiamvistry'' (London), 1908, p. 236. 

° Seubert and Schmidt, Artrtalen, 1892, 267, 238; Faktor, Fharm. Fast, 1904, 38, 153; 
Chem. Zerdr., 1005, i, 1305. 

Jacquelain, Aren. Chiin. FJiys., 1837, 66, 113; Heintz, Fogg. Anraden, 1844, 63, 71 ; 
hlacTvor, Chern. FJcivs', 1875, 32, 222; Mei-z and Weith, Bar., 1880, 13, 210. 

Cau.^se, Comyt. ramd., 1891, 112, ]22(); 113, 547; Chem. Zentr., 1892, T, 53. 

Muii-, J. Chon. Soc., 1878, 33, 193. 

Kaiston and Wilkin.son, J. A/n.a/r. Ot.tym. Soc., 1928, 50, 258. 

Schneider, F(>gg. A-nnaltn, 1854, 93, 464; Muir and Faglc.s, J. Chon. Soc., 1895, 67, 
90; Che.rn. Ncics, 1895, 71, 35. 

Glaiscl, Zotsch. anorg. Chem., 1893, 4, 186. 

Besson, Com.pt. rend.., 1889, 108, 1012. 

Thomas, Corapl. rend., 1895, 121, 129. 
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at the ordinary temperature, forming a yellow mass of the composition 
BiClo.XOo, stable in dry air. At higher temperatures this is oxidised, 
but it does not eAmlvc nitrogen peroxide m vacuo. In moist air it is 
decomposed with evolution of nitrogen peroxide, while water converts 
it to bismuthyl chloride with a violent evolution of gas.^ Nitrosyl 
chloride reacts violently with bismuth trichloride at the ordinary 
temperature, and from the resulting solution the compound BiClg.NOCl 
separates as an orange-coloured powder, which is deliquescent and 
decomposed by water.- 

The trichloride is converted into trioxide on heating with mercuric 
oxide. ^ It will react with carbon compounds in a manner similar to 
ferric chloride ; it will dissolve in many hydrocarbons, but on heating it 
is possibly reduced to the dichloride.^ 

Investigation of the hydrolytic dissociation of bismuth trichloride 
shows that in the reaction 

Bids =BiOCl -t2HCl 

the ratio BiCd 3 /[ITCl]^ remains constant for a considerable range of 
tcm])craturc, but tends to increase somewhat at high concentra- 
tiojis. The presence of alkali chlorides, and more particularly alkali 
bromides, reduces the extent of dissociation, wdhle alkali nitrates 
have a smaller influence. Sodium sulphate is practically without 
influence on the hydrolysis. The effect of increase of tem])erature is 
to reduce the amount of dissociation.^ From a study of the system 
BioO^-HCl-IIoO (sec tables, p. 164) it appears that in certain 
solutions bismuth}'! chloride is the stable phase, in others bismuthyl 
liydroxidc ; in the presence of alkali the solid phase BiOCl is quanti- 
tatively converted into the hydroxide BiO.OIT (p. 1 68). From measure- 
ments of the concentrations of the ions H'*', Cl“ and Bi"""^ in hydrochloric 
acid solution saturated with bismuthyl chloride it has been shown that 
the reaction 

Bi II^O -t cr BiOCl 211- 
obeys the law of mass action.^' 

By dissolving bismuth trioxidc in excess of hydrochloric acid and 
evaporating the solution, fine needle-shaped crystals of hydrated hisnmth 
trichloride, BiCl 3 . 2 lIoO, are deposited."^ When waiter is saturated wdtli 
bismuth trichloride and hydrochloric acid at 20"^ C. and cooled to 0" C., 
cr 3 'stahs arc deposited wdiich have the composition 2BiCl;>.IIC1.3lT20. 
These crystals are stable at the ordinary temperature.® 

Clilorobisniuthous Acid, — Bismuth trichloride is very soluble in 
concentrated hydi’ochloric acid, and there arc indications ol' the forma- 
tion of a double compound ; ^ from measurements of the electrical 

^ I'homas, Cr/nipf. tmuI,, .1806, 122 , 611. See also Besson, loc, cit. 

- -Siidboroue,h, J. Chtni. Soc., 1891, 59 , 662. See also PJicinboldt and Wasscrfnhr, 
JUr , 1027, 60 B, 732. 

VoJhard, AiDt. Cftini. .Phrir}n., 1870, 198 , 331; Smith and Heyl, Zeiirck. a/iorfi. 
CJton., 1804, 7 , 87. 

Tbonias, Inc. rU. 

llcrz and \y\\\\<\ , (i ii()rfj . 1000, 61 , 387; 1000 , 63 , 7 ) 0 ; Dubrisay, 

roe/., 1000, i/]8, 830. 

'■ -k'llinck and Kidni, Zf-ifscJ/. plujs'i I:(d . Cltf'ni., 1023, 105 , 337. 

■ Jane'el, Contpl. rc.nd., 1888, 106 , 1707. See also Arppe, Pofjg. xtiViudaii, 1845, 64 , 
237; Heiiitz, J. jrraJj.. Chf-ni., 1848, 45 , 102 . 

Engel, CornjA. rend., ISSS, ro 6 , 1797. 

^ Ditto, Compt. rend., 1880, 91 , 086. 
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EQUILIBRIUM IN THE SYSTEM Bi203-HCLH20. 

Solubility at 18"^ C. 

(Moles per 100 moles AAMter). 


HCl. 

Bi, 03 . 

Solid Phase. 

0-71 

0-0018 ' 

i 

0*74 

0-0021 

i 

0*89 

0-0056 ! 


1-18 

1-28 

0-0165 

0-0247 

^ BiOCl 

1-36 

0-0315 


2-20 

0-1185 


3*81 

0-2835 



Authority: Jellinek and Kuhn. 


Solubility (Grams per 100 grams Saturated Solution). 


At 25= C. 

At 30= C. 

HCl. 

Bn03. 

Solid Phase. 

HCl. 

BijOa- 

i Solid Phase. 

2-50 

0-6 

BiOCl 

2-40 

0-60 

BiOCl.HjO 

4-22 

2-60 

? J 

5-60 

5-35 


10-68 

11-40 


13-02 

14-52 


13-43 

16-41 

,, 

21-70 

80-10 


18-47 

26-42 


31-50 

54-70 


30-23 

50-74 

,, 

32-80 

56-00 

' BiOCl 

33-67 

58-72 

BiCl3 

33-00 

58-50 

BiCl3.2lloO 

35-14 

58-59 

, , 

33-80 ! 

56-60 

Bid, + BiCl.,.2H.>0 




34-90 : 

56-25 

Bid, 




35-90 i 

55-9 

BiC],.HCl 

Waris, , 

J . Indian 

Chein. Soc., 

Jacobs, 

Cheni. 

Weckhlad., 1917, 


1925, 1 , 

307. 


14 , 

208. 


conductivity of solutions of bismuth trichloride in aqueous hydro- 
chloric acid the composition of this acid ^vould appear to be cither 
HBiCl^ or HgBiClj, while investigations using solutions of bisnuithyl 
chloride in hydrochloric acid (sec following table) indicate tliat 
IToBiCl^ predominates when excess of the acid is present in dilute 
solution, while HBiC44 predominates in more concentrated solution 
with a lower concentration of aeid.^ 

^ Moves, Hall and Beattie, J. Amer. Chun. 8oc., 1.917, 39 , 2526. 
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SOLUBILITY OF BISMUTHYL CHLORIDE IN HYDRO- 
CHLORIC ACID AT 25° C. 


(Gram-atoms per 1000 grams Water.) 


Chlorine 

1 Content. 

Bismuth 
Content. : 

i 

1 1 

Hydrogen 

Content 

(calc.). 

Chlorine 

Content. 

Bismuth 

Content. 

■ n 

1 Hydrogen 
Content 
(calc,). : 

: 0*3477 

0*00130 

0*3438 

1-2270 

0-1177 

0-8746 ! 

0*4350 

0*00376 

1 0*4237 

1-2724 

0-1324 

0-8752 

()-4414 

0*00396 

i 0*4295 

1-4348 

0-1620 

0*9488 ' 

: 0-4892 

0*00646 

: 0*4698 

1-5321 

0-1810 

0*9891 

I 0*5221 

0-00869 

i 0*4960 

1*6235 

0-2025 

1*016 

0*5276 

0*00899 

i 0*5006 

1-6350 

1 0-2050 

1*020 

0*5796 

0*01323 

^ 0*5399 

1*7706 

0-2352 

1*065 

0*6244 

0*01767 

0*5714 

1*9021 

i 0-2657 

1*105 

0*6299 

0*01856 

1 0*5742 

2*5578 

! 0-4216 

1*293 

0*7038 

0*02720 

' 0*6222 

3*1865 

0*5685 

1*481 

0*7375 

0*03138 

, 0*6434 

3*6366 

0*6792 

1*599 

0*7579 

0*03473 

0*6537 

4*2552 

0*8324 

1*758 

0*8824 

0*05338 

' 0*7223 

4*5056 

0*9022 

1*799 

0*9125 

0*05936 

0*7343 

5*325 

! 1-100 

2*025 i 

1*0760 

0*08937 , 

0*8079 

6*066 

1*317 

2*115 


The true nature of these compounds has not yet been fully 
asc'crlained. From ])hysi(*al investigations ^ it is inferred that the com- 
])lcx may conform to one of the following two formuhe : 


BiCh 


Cl 

'Olio 


II 


or 


BiCI, 


cu ■ 

Ol-fo- 


Ho 


Organic coni])ounds corrcs})onding to botli of these ha.ve been prepared. 
From the examination of substituted ammonium eoinpounds of chloro- 
hismuthous acid “ it appears possible tluit three types of organic com- 
pounds may exist, to wliich liave been allotted the following names and 
gene]‘al formuhe : 

(a) Hexachlorobirniutliites, [XH^RJ^j BiClg] ; 

(b) ix-l)ic}ilo 7 ' 0 -octacJiloro-dibismiithifx.s, [XHR3]^[Bi2Cl2o] ; 

(c) fi-TricJdoro-heTMchloro-dibismiit^ [XH3R]3[BioClc)]. 

The elucidation of tlie constitution of these com])ounds is, however, 
rendered cxlremcly dinicult owing to their instability in aqueous 
solutions. 

Chlorobismuthites. — Bismuth trichloride forms a number of 
C‘om])lex or double salts with alkali chlorides ; some of these are 
desci'ibcd below. With UfMwtn chloride ^ is obtained the compound 
2 LiCl.BiCl 3 . Witli sodium chloride the compound XaCl.BiCL.SHoO is 

^ Schafer and Hein, Zedsch. anorg. Ckeni., 1917, lOO, 249. 

“ Gutbier and Muller, Ztiisch. (uwrg. Che.y/i., 1923, 128, 137. 
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formed as a deliquescent substance crystallising in needles ; ^ other 
sodium com])ounds that have been described are 2XaCl.BiC1.3.2HoO “ 
and 2NaCLBiCl3.^ With potassium chloride the followino’ compounds 
are said to exist : 2KChBiCl3.2lIoO/ KCLEiCa3.HoO " and KCI.B1CI3. 
2lToO.^ The rubidium compounds RbCLBiCl3.H20 and RbCl.BiCi3 
have been described;'^ also the ccesium compounds 3CsCi.2BiCl3 and 
3CsChBiCl3.^ With thallium chloride the compounds 3TlCLBiCl3 and 
6TlCLBiCl3 have been obtained, both in the form of large, thin, colour- 
less plates.^ Mixed halogen compounds of bismuth chloride and 
potassium halides have also been described, among them being KBr.KCL 

BiCl3, 2KBr.BiCl3.^o 

The following compounds with ammonium chloride have been 
described : The luMrate 2XH4CLBiCl3.2H20 forms crystals of the 
rhombic system, isomorphous with those of the corresioonding bromide 
and those of the potassium double salt ; the anhydrous salt forms 
double six-sided pyramids, and is isomorphous with the correspond- 
ing antimony compound. The compound SXH^Cl.BiClg forms large, 
tabular crystals of the rhombic system. Another compound, to which 
the formula 5XII.iC1.2BiCl3 has been given, is probably formed as one 
of the products when a solution containing equimolecular proportions 
of ammonium chloride and bismuth trichloride is crystallised (the other 
product being 2XIT4CLBiCl3, described above) ; this compound forms 
line, tabular crystals of the rhombohedral system. 

A systematic investigation of the compounds of bismuth tricl'iloride 
with chlorides of bivalent metals revealed the following t^^pes of com- 
pounds : (1) BiCl3.i\r'Cl2, corresponding with the series BiCl3.2WCl 

(where M' is an alkali metal) ; salts of this type are regarded as deriva- 
tives of pcntachlorobisniuthous acid, H2[BiCl5]. The following have been 
examined : BiClo.MgCh.SiRO, stout, rectangular plates ; BiClo. 
BaClo.lIRO, rhombic plates; BiCl3.CoCl2.6H2O, pale red prisms; 
BiCl3.XiCl2.6H2O, green needles. (2) 2BiCl3.M"Cl 0, corresponding to 
the scries BiClo.MT'l (where M' is an alkali metal) ; salts of this type arc 
regarded as derivatives of tctrachlorobismuthous acid, II[BiCl4]. The 
following have been examined: 2BiCl3.CaCl2.hIIoO, colourless needles; 
2Bi('l3.SrCl2.Tll20, stout needles ; 2BiCl3.BaCl2.oH2O, slender needles. 
(3) •lBiCl3.1M"Cl2, e()rres])onding with the scries ‘iBiClV^BCl (where M' is 
an alkali metal) ; salts of this tyj)e are }'egarded as derivatives of 
licj)taehlo]’odibismuth()us acid, TIflhoC-lyJ. The Jbllowijig have been 

' J. psuLi. C/i.r.ni., L838, 14, 1. 

- Pliny .I3ri^liani, J. Aine.r. (Jhc.ni. ISoc., 1892, 14, 164. 

” Alo\" and Trc'-bault, loc. cit. 

Alov and Frvbaidt, loc. cit. 

Reinscn, J. Amcr. (.‘hem. Soc., 1892, 14, 81. 

Pliny Brinhain, loc. ai. 

' Jdiny Brigham, loc. cit. 

® Rcinsen, /oc. cit. 

Fphraim and Barlcczko, Zcitsch. aiiorg. Cham., 1909, 61, 238. See also Scarpa, 
Atti R. Accad. J.uicti, 1912, [v], 21, li, 719. Tor coinpoiinds wirli chlorides ol the alkali 
metals, sec also Arppe, Po(j<j. An)ialen., 1845, 64, 237; Bam rnels berg, ibid., 1859, 106, 
105. 

Tield, J. Chtni. Roc., 1893, 63, 540; Atkinson, ibid., 1883, 43, 289. 

Bammelsberg, Ilandbuch Kryst. Cheia.,'' 1855, 215; Fogg. A n.iutltn, 1859, 106, 
147; Groth, Cham. Kryst., 1906, 1, 431. 

1- Jac([uelain, Ann. Chini. Fhys., 1832, [2J, 66, 113. See also Deherain, loc. cit. 

Arppe, JKgg. A/i-iuilen, 1845, 64, 247. 

Bammelsberg, Fogg. AnnaLtn, 1859, 106, 147; Groth, Ckern. Kryst., 1906, 1, 429. 
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examined: 4 BiCl 3 .^rgCl 2 . 16 HoO, six-sided leaflets; iBiCl.^.SrClo. 

I2H2O, six-sided icallets ; 4BiCl3.MiiClo.l2HoO, flesh-coloiircd, six- 
sided plates ; 4BiCl3.FeCl2.12lT20, faintly yellowisli-red plates ; 
4BiCl3.CoClo.l2Fl20, red, six-sided plates ; 4BiCl3.NiCl2.12H20, pale 

green, six-sided plates. ^ 

Ammoniates.^ — It has long been known that bismuth trichloride 
absorbs ammonia when heated gently in its presence,- the reaction 
yielding one easily volatile addition compound, BiCl3.3NH3, and two 
non-volatile compounds, 2BiCl3.XH3 and BiCl3.2NH3.^ BiCl3.8NH3 
is a colourless substance which volatilises in a current of ammonia ; 
when acted upon by hydrogen chloride it yields the double compound 
8XH^Cl.BiCl3. 2BiC43.XH3 is a red, moderately stable substance 
which can be melted and crystallised by solidification, but which is 
attacked moisture ; with Inxlrogen chloride it forms nearly colour- 
less, deliquescent needles of the double compound X'H^CL2BiCl3. The 
third compound, BiCl3.2XH3, is difficult to obtain pure, usually being 
mixed with 2BiCd3.XH[3. It is a greenish-grey substance, and its 
composition is deduced from the fact that with hydrogen chloride it 
forms the compound 2XH4CLBiCl3. 

With organic bases, bismuth trichloride forms many crystalline 
complexes.^ 

Attempts to obtain a higher chloride of bismuth by the action of 
chlorine on molten bismuth trichloride, or by passing chlorine over a 
heated mixture of bismuthyl chloride and charcoal, have been un- 
successful.^ 

Bismuthyl Chloride, or Bisymith Oxychloride, BiOCl. — An oxy- 
chloride, which is probably bismuthyl chloride, occurs in the mineral 
daubreit, which is found in Bolivia.^ 

Bismuthyl chloride is the product obtained by the reaction of 
Iksmuth trichloride witli water, the decomposition being effected by 
the action of cither hot or cold water on the solid, or by the addition 
of water to a moderately concentrated solution in hydrochloric acid. 
It is also obtained by the addition of a solution of an alkali chloride 
to a solution of bismuth nitrate." Many other methods may also be 
adopted for the preparation of this substance. (1) When bismuth 
trichloride is heated in steam, bismuthyl chloride is left as a residue^ 
(2) It is ibrmed in small quantities when bismuth trichloride is sublimed 
in air.'^ (8) It is the stable comj:)Ound ahvays produced by the action 
of water, sulpliur dioxide, chromyl chloride, nitrogen peroxide and 

^ "WcinlaMd, Alter and Scliu'cicer, Arch. Fharni.^ lOlO, 254 , .j21. 

- Per.soz, A'ivn. C/nm. Phys., 1830, 44, 315. 

^ Delicrain, Coniyl. rand., 1802, 54, 724. Sec also Arppe, Poyy. Ainudcn, 1845, 64, 
237. 

Vanino and Hauser, Bar., li)00, 33, 227J, 1901, 34, 410; 1902, 35, 003; 1903, 36, 
3082; Montomartini, (djzzatta, J 900, 30, II, 493; Schiff, Bar., ioOl, 34, 804; Vanino atul 
llartl, Arch. Pfi-ann., 1907, 244 , 216; PasUireau, C(ftn.pt. rand., 1898, 127, 4S5; rfciller, 
Zeitsch. anorg. Cham., 1900, 24, 279; Smith, Bar., 1879, 12, 1421. 

^ Muir, J . CJiCin. Sac., 1870, 29, 146. Sec also Hutchins and Lcnker, J. Avier. Cheni. 
Sue., 1907, 29, 31. 

•' Domeyko, Cornyt. rand., 1876, 82, 922. 

' Phillips, Phil. M(i(y. and Annals, 1830, 8, 456; Plcintz, Pogg. Annalen, 1844, 63, 
72; Arppe, ibid., ISIo, 64, 246; Bose, ibid., 1860, no, 425; Huge, J. gjrald. Chern., 1865, 
96, 133. 

^ Jacquelain, Ann. Phys. Chcni., 1837, [2], 66, 113. 

^ Jacquelain, loc. oil. 



1G8 


AXTIMOXY AND BIS:MUTH. 


other oxidisino' agents ii])on bismuth triehlorideA (1) It is Formed bv 
the aetion of dilute hydrochloric acid on bismuth trioxidc ; thus 

BioOa +2HC1 ==2BiOCl -rll.O 

Colourless tetragonal crystals ma\' be obtained by a suitable modi- 
lication of this method.^ (5) When bismuth sulphate is heated with 
sodium chloride and the mixture treated with water, bismuthyl chloride 
remains undissolved. ^ 

Bismuthyl chloride is a white, crystalline ])owder.^ On heating, 
the colour changes to yellow, and in parts brown, this disappearing 
only partially on. cooling ; the colour change thus appears to be 
])artly ])h\'^sieal and partly chemical. The compound also darkens on 
exposure to light. ^ The crystals belong to the tetragonal system, have 
a density ^ of 7*717 at 15° C. and a molecular volume of 33*7 ; the density 
oF the precipitated form is 7*2 at 20° C. Melting occurs at red heat 
without decomposition, and on solidifying a pale yellow, crystalline 
mass is I'ormcd. Prolonged heating at a high temperature causes slight 
volatilisation, possibly of bismuth trichloride,® although it is also sug- 
gested that true sublimation occurs to a slight degree.^ The oxychloride 
is almost insoluble in water and in liquid ammonia. It dissolves 
rc'adily in both hydrochloric and sulphuric acids, with the formation 
oi‘ the trichloride and sulphate respectively ; it also dissolves in nitric 
acid on heating, and from this solution it is re-deposited by evaporation. 
It rcn.cis witli alkalis, especially when the solutions arc concentrated.'^- 
li. is probable that with a dilute solution of potassium hydroxide a 
rcwci'siblc' redaction takes ])laec according to the equation 

BiOC 1 -r KOH BiO.OH -f KCl 

Wit h conccml rated solutions the aetion is much more complex.^® When 
h('at cd wit h nu*rcuri(‘- oxide it is ])artially converted to bismuth trioxide. 

It is r(alii(‘(‘d to nud'al by Fusion with potassium cyanide, and also by 
lu'aling in a curremt oF hydrogen; in the latter case some trichloride 
\’< )Ia.t ilis(\s. ^ 

Two hydra! c‘s lia\'c been reported: i\\(i incynohyclrcite,^^ BiOCl.lIoO, 
and tlic trihijdrdtr, Bi()CI.3iP(), both oF whicli have been stated to 
b(*conu‘ aidiydrous a,t 100° (h; but From a study oF the equilibrium oF 
(lie systmn Bi^O;} HC'l- lUO it would ap])car tliat no hydrate oF 
l)ismidhy] chloride can exist at 25° C\ ; tlie stable [)hasc which sepa- 
raU'Soiit (Voin solutions containing 25 to 33*07 ])cr cent. IIC'I (iq) to the 

‘ 'tiiornas. Am), dhhn. Phys., [7|, 13 , I-lf); Conipl. rc.nd., KS9(), 122 , (H I. 

■■ Muir, ./. ('hn)i. Sor., 18S1, 39, 3(5; dti 8chult(ui, JiulL Sor. chl/u., 1900, [GJ, 23, luG. 

■' U(', J . (All/}/,, JS()I, }3j, 39, lOS. 

■ {luiiitz, Poilil- A/ntalcn, isrp 63 , 72; J. prakt. CUtui., 1807), 96 , 13,3. 

•' Her-/., Zeitseft. (oiory. Clirni., 1993, 36 , 3-l(). 

'' (!(• Scliull cn, lor. nt. 

'■ Midi', -/. (Aunt. Sac., ISSl, 39, 37. 

Ku'ic, /or. ctL; Arj)})(', lac. ctl. 

War/., lac. Ctl. 

Uosr, lac. Ctl. 

'• i'd'anklin and Ivraiis, .{t/icr. (Jlu-m. J., 1898, 20, 827. 

.lau([u<dain, lac. ciL: Sl,r()nu‘yur, Poyg. Annalc/t, 1832, 26, 519; Wai'ington, Phil. 
.\I<uj. titul .[itiuds, 18.31, 9^ 30 . 

Il(‘i'/. and Mulls, Zctlsch. nnorg. Chciti., 1901,39’ Itu. 

Srtiilh and (Ic'vd, ZcK.sch. a/iorg. Cfictn., 1894, 7, 87. 

*•' P(>gg. Atnuden, ISOO, lio, 42.7. 

llcintz- i'aini. Aniudctt, 1844, 6s, 55. 
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])oinL 33*7 ]dci' cent. HC], 58*7 per cent. EioOo, 7-G per cent. II 2 O) being 
anhydrons bismuthyl chlorideU (See p. 164.) Tlie solubility ])roduct 
of the monohydrate ^ is, however, stated to be 1-58 x 10 

The existence of other oxychlorides to which the formuhn IhoOgCU. 
Bi 302 Cl 3 and Bi 403 Cl 4 ha.ve been ascribed has been suggested from 
time to time, but it has not been definitely established that these are 
chemical entities.^ A study of the hydroh^tic dissociation of bismuth 
trichloride indicates that onh^ one oxychloride exists.'^ 

From the experimental result shown by the ecpiation 

BiCl 3 7-Aq. — — ■> BiOCl - 7830 gram-calories 

the heat of formation of bismuthyl chloride is calculated to be 88,180 
gram -calories.^ 

Bismuth Chlorate. — Bismuth chlorate does not appear to have 
been isolated, for although bismuth hydroxide dissolves readily in 
dilute chloric acid, the solution decomposes on concentration.^ When 
a hot aqueous solution of bismuth nitrate and sodium chlorate is cooled, 
long, glistening prisms of bismuthyl chlorate, Bi 0 C 103 , separate. 
This substance does not appear to react when warmed with either 
carbon or a mixture of carbon and sulphur ; but it detonates on heating 
with potassium cyanide.' 

Bismuth and Bismuthyl Perchlorates. — Muir, in one of his 
early investigations on bismuth com])ounds, claimed to have prepared 
bismuthyl i^erchlorate, Bi 0 C 104 , by heating powdered bismuth in a 
dilute solution of perchloric acid.^ The solution of bismuth in per- 
chloric acid is, however, accompanied by the reduction of the acid to 
chloric acid and the liberation of the explosive chlorine dioxide ; hence 
the ex]:)erimcnt can be carried out safely only by employing small 
quantities of 40 per cent, acid and heating very carefully. A similar 
product is obtained by dissolving bismuth oxide in the acid. The 
normal perchlorate can also be obtained by careful employment of 
the lattei’ method.^ In this way the ijcnialujdratc, Bi ( 6104 ) 3 . 51100 , 
has been obtained in trie fonn of small, hexagonal plates, which are 
extremely reactive to water, yielding a bismuthyl salt. An unstable 
irlfujdrate of bismuthyl jrcrchloratc, BiOC 104 . 3 H 20 , is obtained by 
eva]mrating a solution of bismuth oxide in a more dilute acid, or by 
addiiig water to the norjual salt and evaporating over calcium chloi'ide ; 
this jxisscs readily into Avell-formed hygroscopic rhombohedra of the 
fNonoliijdrate, B 1 OC 4 O 4 .H 2 O, which is the most stable body of this 
scries. By careful drying at 80" to 100 " C., the anhydrous perchlorate 
is o):»taincd as a white ])owder. All these oxychloratcs are soluble in 
water, yielding clear solutions, without a])preciablc hydrolysis. A 

^ WSiri-s, J. Indla-ii Chem, Soc., n)25, i, 607. 

- I'Vit kneclit, Ilelv. Chir/t-. Ac(a, 1933, 16 , 1302. 

^ -hicqiiLlain, loc. at.; Dclierain, Bull. Soc. cJil/n., J 862, 4 , 23; Muir, J. Chan. Soc., 
1877, 32 , 13;>; 1878, 33 , 193; ISSl, 39 , 32; Merz and \Veilh, /Mr., 1880, 13 , 210; Thonia<, 
Conrpt. rauL, 1896, 122 , Gil. 

Dubrisay, Cv/njjt. rend., 1909, 149 , 122; Iferz and Bulla, Ztii^ch. anoaj. Chem., 
1909, 61 , 387. 

■' Id'iOmscn, Ba\, 1883, 16 , 39. 

“ Wachlcr, Annalai, 1844, 52 , 233. 

‘ \'anino and Mussgniig, Bar., 1917, 50 , 323. 

21uir, Chem. S' cum, 1876, 33 , 15. 

t'icdiior and Jenny, Heir. Clivin.. Acta, 1923, 6 , 225. 
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basic jDerchlorate, whose composition approximates to the formula 
BiOH.ClO^.HoO, has been obtained by saturating concentrated 
perehloric acid with bismuth trioxide. ^ 

Conductivity measurements on solutions of bismuth perchlorate 
indicate that a very soluble basic salt, Bi(OH)o.C104, is stable even in 
the presence of a moderate excess of perchloric acid, and that it is 
converted into less basic salts such as Bi( OH) (€104)0 or 61(0104)3 only 
slowly on addition of excess of acid. The first compound has the 
conductivity of a non-hydrolysed univalent salt^ (see p. 146). 

Bismuth Thiochloride, BiSCl, was first obtained by Schneider by 
heating bismuth ammonium chloride either with sulphur or in a current 
of hydrogen sulphide.^ It has also been obtained by heating bismuth 
trichloride with sulphur,^ by the action of hydrogen sulphide on 
bismuth trichloride at the ordinary temperature, or at temperatures 
below red heat,^ 

BiClg + HgS = BiSCl + 2HC1 

and by the action of chlorine on bismuth trisulphidc at temperatures 
below red heat : ® 

Bi2S3 -r6Cl = BiSCl 4-BiCl3 +S2CI2 

The thiochloride crystallises in dark grey, metallic needles, which 
appear ruby-coloured under the microscope. It is decomposed on 
heating in air, bismuth tidchloride and sulphur dioxide volatilising, 
leaving a residue of oxychloride and basic sulphate ; on heating in a 
current of carbon dioxide, bismuth trichloride volatilises, leaving a 
residue of bismuth trisulphide ; in a current of hydrogen, bismuth 
trichloride, hydrogen chloride and hydrogen sulphide are volatilised, 
leaving bismuth contaminated with a little chlorine and sulphur. By 
strongly heating in a current of hydrogen sulphide it is converted into 
bismuth trisulphide. It is not attacked by water or dilute mineral 
acids, even on boiling ; but it is decomposed by concentrated acids, 
hydrogen sulphide being liberated by hydrochloric acid, and sulphur 
by nitric acid. Potassium hydroxide (and weaker bases more slowly), 
decomposes it with liberation of chlorine. 

Bismuth Selenochloride, BiSeCl, is obtained in the form of small, 
dark grey, metallic needles by the action of bismuth selenide on molten 
ammonium bismuth chloride.’^ It is decomposed into bismuth tri- 
chloride and bismuth selenide on heating in a current of carbon dioxide. 
It is not attacked by water, and hardly at all by concentrated hydro- 
chloric acid ; concentrated nitric acid decomposes it with liberation 
of selenium. Chlorine is liberated by the action of potassium hydroxide, 
and more slowly by Aveaker bases. 


Bismuth and Bromine. 

Bromine combines with bismuth less readily than does chlorine, 
but if arsenic be present a reaction takes place at the ordinary tem- 
perature.^ 

1 Tichter and Jenny, loc. cit. ~ Smith, loc. cit. 

^ Sclmeider, Fogg. Annalen, 1854, 93, 464; Ana. Phijs. Chem., 1854, 93, 64. 

Mnir, J. Chein. Soc., 1877, 32, 177. 

^ Muir and Eagles, J. Chem. Soc., 1895, 67, 92. See also Schneider, loc. cit. 

^ Muir and Eagles, loc. cit. ’ Schneider, Fogg. Aruialen, 1855, 94, 628. 

® Serullas, Aim. Chim. Fhys., 1828, [2], 38, 318. 
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Bismuth Dibromide, The evidence for the existence of 

tilts compound is as unsatisfactory as that for the (existence of the 
corresponding chloifne compound. Similar methods have been suo'- 
gested for its preparation, and it is stated to be a brown, or grev, 
substance, crystallising in needles.^ Muir thought it probable that'^a 
lower bromide was formed by the reduction of the tribromide by 
hydrogen, but was unable to isolate the substance owing to its iii- 
stability.^ Attempts to elucidate this problem by means of thermal 
investigation have also been undertaken.^ Herz and Guttmann state 
that the dibromide is a gre 3 dsh-black substance with a densitv of 5-9 
and a melting point of 198° C. ; while Marino and Becarelli contend 



Ftc. 6 . — Freezing Point Curve of the Sy.stem Bismuth-Bromine. 


that no com])ound is formed in tlie system Bi-BiBr^, but a series of 
solid solutions oiihx The latter investigators find the system similar 
to tliat of Bi-BiCl.j, the solid solution undergoing transformation into 
iirst a /S-form and then a y-form, the melting point of the y-form ahvays 
lieing higher than that of citlicr liismuth or bismuth tribromide. On 
fusion and cooling, the y-crystals decompose and deposit a-crystals of 
different composition, and two licpiid layers arc ibrmed. 

Bismuth Tribromide, BiBr 3 , is the only compound of bismuth and 
bromine indicated on the freezing point curve (fig. 6).'^ It may be 
obtained by the direct union of the two elements, an excess of bromine 
being empio\md.^ A variety of methods has been used b\^ different 
investigators, the following being some of the more important. Bis- 
muth is heated in bromine vapour ; ^ the two elements are heated 

‘ AVebor, Poijg. AmiaUn, ISbO, 107, 599, GOO. 

- Muir, J. Chem. Sac., 1S7G, 29, 145; iSSl, 39, So. 

Eggink, Zeitsch. plujAhal. Chon, 1908, 64, 449; Herz and^ Guttmanu, Zeitsch. 
fi'/iorg. Chem., 190S, 56, 422; Marino and Becarelli, AtU R. Aocad. Lincei, 1915, [v], 24, li, 
025; 1916, [v], 25, i, 105. 

l')Ue:rmitiojial Critical Table.:;, 192S, 4, 23. 

Serullas, Ann. Chirn. Rhys., 1828, [2], 38, 323; Pogg. Amialen, 1828, 14, 113. 

G A’suUw... A r.i nho. Arm'-r. n-y 077. 


172 


ANTIMONY AND BISMXJTH. 


together in a scaled tube ; ^ ])o\vdcred bismuth is added to bromine 
and the mixture allowed to stand Ibr several days, then being distilled 
and the tribi'omide ])urilied by re])eated distillation ; “ oj' bronrinc may 
be dissolved in an organic solvent, such as ether, ])owdcred bismuth 
added, the mixture filtered after standing for a time, and the solution 
eva]^orated in vacuo 

Bismuth tribromide may also be obtained from bism\ith trioxide or 
bismuth trisuljihide by heating in bromine vapour. In the former case 
some oxybromide is also formed, and in the latter some thiobromide.'^ 
Bismuth tribromidc, by slow distillation, caji be obtained in the form 
of large, Hat, golden-yellow crystals.^ Its density is 5-604 at 20° C., 
and its molecular volume at -273° C. (calculated from the density at 
- 194° C. and the coelTieient of ex})ansion) ® is 77-0. It melts at 218° C., 
forming a red liquid ; the density of the liquid ^ between 272° and 830° C. 
is giAX]i by the expression 

/)l =5-248 -0-0026^ 

The surface tensions, together with other data for the density,® at various 
temperatures, are as follows : 

Temperature, C. . 250 281 299 320 346 370 389 417 442 

Density, g . . 4-50S 4-52.'i 4-471 4-416 4-348 4-286 4-237 4-164 4-099 

Surface Tension 

(dynes per cm.) . 66-5 63-6 61-6 59-5 56-7 53-8 52-0 48-9 46-2 

The boiling point ^ lies between 454° and 498° C., or 278° C. under a 
pressure of 11 mm. mercury ; the vapour is deep red in colour. 

Bismuth tribromide is not soluble in water but is decom])oscd by it. 
It IS soluble in both hydrochloric and hydrobromic acids, but it is 
decomposed by nitric acid. It will also dissolve in alcohol, ether, and 
to a certain extent in some hydrocarbons, but it is almost insoluble in 
most other organic solvents. It is also said to dissolve in heated 
arsenic tribromide and in certain fused metallic halides.^® 

It sublimes in air almost without change, there remaining only a 
small non-\'olatilc residue, probably^ of bismuthyl hroinide.^^ It absorbs 
moisture from the air, and is dceom])osed by excess of water toianing 

^ Macivor, Chem. Netvs, 187-J, 30, 139. 

- Ilcyer, Annalen, 1891, 264, 122. 

Nicklcs, Co'-iupt. rend., 1855, 48, 8.37: J. 'prali. Chrni., 1859, 79, 14. 

Muir, Hofl’meistcr and Hobbs, J . Chetii. Soc... 1881, 39, 21; Jarinarch, J^r., 1891, 24, 
3746; Ztiisch. mtorg. Chem., 1895, 9, 104. 

^ Muir, J . Chetn. Soc., 1876, 29, 145. 

■’ Blit/, Sapper and WunnenberL', Zcil-^ch. anoKj. Cfu'.iii., 1932, 203, 277. 

J niCTnalwnal Critical Tables, 1928, 3, 23. 

^ hdc.rriailorul Crdical Tahhs, J92S, 4, 424; dacyer and Kalin, /Vor. K. Akad. 
'WeiCiLsc.h. Avisicrdam, 1916, 19, 397; .laep.'cr, Zcilsch. araj/y. Chriti., 1917, loi, 16. 

^ Carnelley and AVilliams, J. Chian.. k>oc., 1878, 33, 283. See also EviUivitsch aiul 
Sucliodski, J. Tuss. Phys. Chent. SVaa, 1929, 61, 1503; Mover and Krause, AimaUai, 
1891,264,124. 

Aaiscliiitz and ^Vcye^, Anaaltn, 1891, 261, 297. 

Cavazzi and Tivoli, Gazzotta, 1891, 21, 11, 306; Xickles, loc. cil. 

lletgers, Zeitsch. 'physikal. Chem.., 1893, ii, 340. 

Isbekov, Zeitsch. physlkal. Chem., 1925, 116, 304; Zjtilsch. anorq. Chem., 1930, 185, 

324. 

TTionias, Com'pl. rend., 1896, 122, 1060; Muir, J. Chem. Aoc., 1876, 30, 12; 1877, 
32, 137. 
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bismuthyl bromide. Variation of temperature appears to have but 
little effeet upon the hydrolysis of bismuth tribromide, and only one 
oxy bromide is produced d 

Nitrogen tetroxide reacts even at the ordinary temperature, pro- 
ducing bismuth oxybromide.- The tribromide forms a number of 
ammoniates, among them being an olive-green compound, BiBrg. 
2NH3, and a light, straw-coloured, amorphous powder, BiBiy.^XH^, 
both of which are decomposed by water, probably wdth formation of 
oxybroniide. A third compound, ‘dBiBi^.ofsH.^, is said to be formed as 
a greyish-green sublimate by the action of dry ammonia upon heated 
bismuth oxybromide ; it is not deliquescent, nor is it decom2)osed by 
water. All these compounds react readily with hydrochloric acid, 
forming double salts of bismuth bromide and ammonium chloride : 
BjBr3.2NH4Cl.3H2O, BiBr3.3NH4Cl.H2O, and 2BiBr3.5NH4Cl.H2O. 
In addition, an ash-grey, crystalline substance has been obtained which 
is stated to have the composition BiN^Br.^ 

When an ether solution of bismuth tribromide is gradually added to 
dry phosphine, a lustrous, black substance is formed which probably 
has the composition PBiTI(BiBro)3 or 2BiBr3.HBr.BiP : 

SBiBr3 -^PH3 =2HBr +PBrH(BiBr2)3 

It is hygroscopic, and is decomposed by water with liberation of bismuth 
aiid formation of phosphine, hydrobromic and phosphoric acids. It is 
decomposed by a solution of potassium hydroxide with evolution of 
hydrogen, and phosphine, and formation of potassium bromide and 
phosphate. Concentrated sulphuric acid attacks it only ivhen heated, 
but concentrated nitric acid acts upon it very violently. It decomposes 
with violence when heated in air, yielding bromine, bismuth bromide 
and phosphorus j^entoxide, but is stable when heated to 220*^ C. in a 
current of carboji dioxide.^ 

Bismuth tribromidc docs not react rcadih’ with sulphur ; on heating, 
only a small quantity of thiobromide, BiSBr, is obtained.''^ It reacts 
with hydrogen sulphide at the ordinary temperature ; at moderate 
tem]:)eraturcs bismuth thiobromide, BiSBr, and at higher temperatures 
bismuth trisidphide, 131033, is formed. The tribromide is not altered 
by heating with sulphur clioxidc. 

The dccom]Dositioii ]:)otential of bismuth tribromidc in solution in 
fused zinc chloride is ()- 4 G volt. This places bismuth below mercury 
in the electrochemical series. 

Double and Com/plex Salts. — If a saturated solution of bismuth 
tribromide in eoncenti’ated hydrobromic acid is cooled to -10° C., a 
conq)lex substance of an acidic nature separates out as yellow needles. 
Its eom])osition is BiBr3.2HBr.4H2O or HoBiBr^.tHoO. It is extrcjucly 
deliquescent and unstable, losing hydrogen bromide when exposed to air.^‘^ 

1 Dubi'isav, C(,r)ipt. ro.iuL, 1!)()9, 149, 122; Ilerz and Bulla, Z(-iXsc}L. a-jiorfj. Chtm-., 
1909, 61, 3S7‘i 1909,63,09.’ 

- Thoina.'^, loc. cil. 

-Muir, 4. dhnn. Soc , 1870, 29, 48; 1870, 30, 14; 1877, 31, 27. See also Fidd, 
J. Chnn. S(^r., 1892, 63, 04 7; Sfw.p 189.2, 67, 1,77. 

C'avazzi aTid Ti\a)li, d((zzi-tln, 1891, 21, ii, .200. 

Muii‘, i 1 of] tncisi C'f jiikI Hobbs, ./. (Uu^in. . 1881, 39, ,25. 

*’ -Muir and Faules. Clic/n. JWors, 1895, 71, .25. 
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Two organic compounds ^ have also been obtained, with the com- 
positions TIoBiBr5.40(C2H5)2 and Il2BiBr5.10O(C2H5)2 ; both are 
hygroscopic and unstable. The alkali salts, LioBiBr^, Na2BiBr5 and 
IvoBiBr5, and the thallium salt, TbBiBrg (the latter forming lemon- 
yellow crystalline plates), - have been isolated. In addition, the ammonium 
salt, (NH4)2BiBr5.2H20, has been obtained by heating bismuth bromide 
and ammo]iium bromide with alcohol and a little ammonium acetate in 
a sealed tube ; ^ it is a greenish-yellow, transparent substance, crystallis- 
ing in the rhombic system and isomorphous wdth the corresponding 
chloride and wdth the double chloride of potassium and bismuth. It 
loses combined water completed when heated to 100° C. ; it is dis- 
sociated wdien strongly heated, and is decomjDosed by water forming 
bismuthyl bromide. Several mixed halides of similar composition have 
also been reported, among them being K2BiClBr4,'^ K2b^^Cl3Br2,^ 
KgBiCfiBr,® and (NH4)2Bi(Cl, Br)3Br2d Evidence for the existence 
of a comjolex of the type HoBiBiy is also obtained from a study of the 
absorption spectrum of a solution of bismuth tribromide in hydrobromic 
acid.^ 

An ammonium compound, NH4BiBr4.H20, which corresponds to 
the hypothetical complex acid HBiBr4, has also been obtained by the 
action of bromine on bismuth in alcohol in the presence of ammonium 
bromide.^ It forms yellow, needle-like crystals of the rhombic system, 
soluble in alcohol, but decomposed by water. From thermal analysis 
there is evidence for the existence of the aluminium compound AlBiBr^, 
but this substance docs not appear to have been isolated. A very 
complex triple salt, Rb5Au2BiBiy4 or 5lIbBr.2AuBr3.BiBr3, has been 
prepared, in which the gold is present in the tcrvalent form. It is a 
black substance, soluble in hydrobromic acid. It is also possible that 
complex compounds of bismuth and bromine of the type K2Bi3Br3 4, 
etc., similar to the corresponding compounds of antimony (see p. 77) 
may exist, but they have not yet been isolated. 

Bismuth Oxybromide, or Bismidhijl Bromide, BiOBr, can be 
obtained by the action of w^ater on a solution of bismuth tribromide in 
hydrobromic acid ; it is also believed to be formed by heating togetlrcr 
bismuth tribromide and bismuth trioxide. By a suitable modification 
of the former method, the crystalline oxybromide may be obtained. 
The precipitated substance is obtained as a snow-white, amorj^hous 
powder of density (at 20° C.) 6-7. The ciystalline form is colourless 

and transparent, density (at 15° C.) 8-082. It melts at a bright red 
heat, at whieli temperature bismuth tribromide volatilises ; it darkens 

^ Schafer and Hein, Zeilsrti. annrg. Chem., 1917, lOO, 249. 

- Caiincri aiui Perina, Oazzotta, 1922, 52, I, 23J, 

Nickles, J. PJiarrn. Ch'Vi., 1S61, [3], 39, 118; Groth, Cticni. KrysL, 190G, J, 431. 

Field, J . Chent. Soc., 1893, 63, 546. 

Atkinson, J. Chtm. Soc., 1883, 43, 292. 

Field, loc. cit. 

- Xioklcs, J. Pharr, i. Chim., 1861, [3], 40, 191. 

® Schafer and Hein, loc. cit. 

'* Xickles, Coitipl. rend., 1860, 51, 1097. 
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on exposure to light ; ^ it is insoluble in water, but dissolves in moder- 
ately dilute hydrobromic acid ; it is decomposed by potassium hydroxide 
as follows : ^ 

BiOBr +KOH BiO.OH +KBr 

Two other oxybromides have been reported, namely, BigOjgBrg 
and Bi^j^O^gBiy (or 7Bi0Br.2Bi203), but their identities have not been 
confirmed.^ 

Bismuth oxybromides are partially reduced to metal when heated to 
a dull red heat in a current of dry ammonia (see also p. 173). 

A basic salt, bismuth oxybromate, or hismutkyl hr ornate, BiOBrOg, 
has been obtained (mixed with some bismuthyl hydroxide, BiO.OH) 
by the prolonged action of an aqueous solution of bromic acid upon 
bismuth hydroxide. The mixture is a white, amorphous, insoluble 
powder which loses water between 150° and 200° C. and decomposes 
violently when strongly heated, leaving a residue of bismuth oxy- 
bromide. At the same time there is formed a soluble product, the 
solution of which decomposes on evaporation, with evolution of bromine, 
while the small amount of residue which is obtained decomposes at 
once in the air.^ 

Bismuth Thiobromide, BiSBr, has been obtained by heating 
together a mixture of bismuth tribromide and sulphur.^ It may be 
obtained more readily by the action of hydrogen sulj^hide on bismuth 
tribromide, or by the action of bromine upon dried, precipitated 
bismuth trisulphide. In each case the action must be carefully 
regulated. The former reaction, when carried out at temperatures up 
to a very low red heat, may be represented by the equation ^ 

BiBi'g =BiSBr +2lIBr 
while at full red heat the following occurs : 

2BiBr3+3H2S ^BioSg +6HBr 

The second reaction is carried out at a lo\v red heat, and may be 
represented by the equation 

Bi2S3 + 2Br2 - BiSBr + BiBrg + 2S 


Bismuth and Iodine. 

Bismuth Diiodide. — As with other bivalent compounds of 
bismuth, the question of the diiodidc has given rise to much dis- 
cussion. An early attempt was made to prepare this substance by 
melting together bismuth triiodide and bismuth, but tlie results were 
inconclusive.' Later, the thermal investigation of the system bismuth 
triiodide-bismuth appeared to afford evidence of the existence of the 
compound Bilo, which crystallised with metallic lustre, had a density 

^ Hoi'z, ZrifsrJh. (iiiorcj. CJir.rr.., li)03, 3^, 

“ Herz and Mulis, Zejlsc.h. anorg. Chern., ]904, 39 , 1,15. 

Muir, J. Chtm. Zoa., 1.876, 30 , 12; 1877, 31 , 27; 1877, 32 , 187; 1881, 39 , 22. 8 oe also 
Thomas, (Jo/)ipl. rend., 1896, 122 , J060. 

Rammelsbcrg, Fogg. A''nnahn,, 1842, 55 , 76. 

5[uir, Hollnieister and Robbs, J. Chtm. Sac., 1881, 39 , 33. 

Muir and Eagles, J. Chem. Soc., 1895, 67 , 90. 

" Weber, Pogg. Annalen, 1859, 107 , 601. 
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of 6-5, and decomposed below its melting point. ^ A study of the 
system bismuth-iodine (hg. 7) by thermal analysis, however, failed to 
yield evidence for any compound other than the triiodide.- ]\Iore 
■recently, a similar investigation, while providing no evidence of the 
existence of bismuth diiodide, indicated a reaction at 281° C. which 



was attributed to the formation of a compound, Bil, from bismuth 
triiodide and liquid.^ 

Bismuth diiodidc is said to be obtained by distilling methyl iodide 
through bismuth monoxide.^ The monoxide is ])reparcd by the mctliod 
of Tanatar (see p. 183),''' and the distillation is carried out in stages, at 
a maximum temperature of 202° C., the monoxide being maintained at 
the same maximum temperature at each stage ; between each stage 
the appamtus is cooled down to the ordinary tcnqieraturc.^ Three 
})roducts are obtained : 

(1) A non-volatile, brick-red homogeneous powder wliich remains 
in the reaction vessel. This substance, bismuth suboxyiodide, 

' ILcrz and Guttmnnn, Zv.Uscli. anorej. Chr-.m.^ ]0n8, 56 , 422. 

- Afarino and Benarolli, Aili R. Arr.ad. Luirtl, 1912, [vl, 21, (iOa. 

•' van KloosUv, ZoiUrh. armu/. Chun., 19.13, 80 , lO-l. 

■’ Denham, J. An/rr, Chr/n. Soc., 1921, 43, 2307. 
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2BiIo.3l3iO, is stable in air, non-volatile at 300° C. but decomposed 
abov'c 350° C, probably into bismuth and bismuth oxyiodide. A 
saturated aqueous solution of this substance, after filtration, reacts 
only very faintly with both hydrogen sulphide and silver nitrate, but 
the substance is decomposed into bismuth and the tcrvalcnt salt by 
sulphuric acid, acetic acid, hydrochloric acid and sodium hydroxide. 
It is insoluble both in alcohol and in an aqueous solution of potassium 
iodide. It is a reducing agent, reducing an acid solution of potassium 
])ermanganate. The identity of this compound and its clistinction 
ITom bismuth oxyiodide, BiOI, have been confirmed by comparing the 
conductivities of its solutions with those of the oxyiodide ; the resistance 
of the latter was 745-^15 ohms and that of the former 9000 4:900 ohms. 

(2) A red, volatile product which condenses in the cool part of the 
apparatus. It is claimed that this substance is bismuth diiodide, Bilo. 
It crystallises in bright red, long needles, of the rhombic system. Its 
solution in water, free from oxygen, yields much stronger reactions for 
bismuth ion and iodide ion than the afore-mentioned suboxyiodide. 
In the absence of oxygen it dissolves in alcohol and in methyi iodide, 
forming in both cases a clear yellow liquid ; it dissolves readily in an 
aqueous solution of potassium iodide. It is a reducing agent, rapidly 
reducing a solution of iodine, and an acid solution of potassium per- 
manganate ; it dccom]:>oscs above 400° C. into bismuth triiodidc, which 
volatilises, leaving a residue of bismuth. 

(3) The distillate, a pale yellow liquid, is considered to contain a 
mixture of bismuth diiodide and bismuth dimethyl, Bi(CTT 3)2 ; the 
evidence for this is inconclusive, but the distillate oxidises readily, 
])roducing a strongly I’cducing substance which is thought to be di- 
met hoxy bi s mu t h , Bi ( OCH .> ) o. 

In connection with this preparation, however, it must be remembered 
tliat the evidence for the existence of bismuth monoxide itself has been 
criticised."^ 

X- ray examination has failed to reveal the cxisteiu'c of a lower 
iodide than bismuth triiodide.- This evidence is, however, not 
conclusive. 

Bismuth Triiodide, Bil.>, wms ]:>robably first prepared by Berthemot 
by synthesis from tlie elements ; ^ this synthesis has since been 
eife^eted in a variety of ways.'^ Owing to the small reactivity of the 
clemcmts, however, combination is effcctxd only with difficulty. The 
iodide may he ])urihed by sublimation in a slow current of hydrogen. 

It may also be obtained by precipitation from a solution of a bismuth 
salt in acetic ac-id with ]:)otassium iodide,-^ by the action of concentrated 
hydriodic acid on bismuth trioxide at the oi'dinary temperature,^' or 
on bismuth oxychloride,'^ 

3BiO( 1 -I-GIII -2BiI, - Bid, -:-3lUO 

1 Xciissei-, Zf'll-srh. (ii)(>r(j. 1924-, 135 , I)):); 192-1, 138 , ISO. 

- (JdzzeUa, 1930, 60 , 9.33. 

P>er'tlK^inot, J. Johann,., 1828, 14 , GIG. 

■' lUininu'lsborii, An.nnh.n, 1839, 48 , IGG: ibhL, 18-14, 63 , 75; Wcyi)(M\ 

ibid., 1859, 107 , GOO; Cumijt . rr nd 1800,50,872; Muii-, I lr)fTin(Msl I'P aiirl Uobljs, 

J. f'hci//. 1881, 39 , 3;n‘ SclmciOof, J. /ircrLi. Chr./n.^ 1894, j2], 50 , OGIb 
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or by the action of hydrochloric acid on bismuth oxyiodide/ 

4BiOI A 9HC1 = Bilg A SBiClo a HI a IH.O 
or 

SBiOI -!- 6HC1 == Bilg A 2BiCl3 A 3HoO 

When a mixture of bismuth trisulphide and iodine is licated, bismuth 
triiodide sublimes, leaving a residue of bismuth thioiodidc ; “ accordin 
to another authority, bismuth triiodide and sulphur only are produced 
in accordance with the reaction 

EioS3 A6l=2Bil3 A3S 

Bismuth triiodide is also formed by the action of ethyl iodide on bismuth 
trichloride in the presence of ethyl chlorideA 

Crystalline bismuth triiodidc may be obtained by saturating a 
solution of BettendorfUs reagent (a solution of stannous chloride in 
hydrochloric acid) with iodine and adding a solution of bismutli trioxide 
or bismuth oxychloride in hydrochloric acid.*'’ The size of the crystals 
depends on the concentration of the solution ; they can be purified by 
drying and heating carefully in an evacuated tube to below the melting 
2 :)oint, finally subliming in carbon dioxide or hydrogen. 

Bismuth triiodide crystallises in the hexagonal system : 

7*498 A., e =20-676 A. 

The Tinit cell contains six molecules.® Its colour is \'ariously described 
a.s dark green, black and grey-black ; in the powdered form it is dark 
brown. Its density," is 5-7, and the molecular volume at 

-273'^ C., calculated from the density at -19 IT C. and the coefticient 
of ex]')a,nsion,^ is 98*6. Its melting point ^ is 410" to 439° C. 
It A'olatiliscs at slightly higher temperatures, forming a red-brown 
vapoTir. It sublimes unchanged when heated in an atmosphere of 
C'arbon dioxide or hydrogen, but evidence of thermal dissociation has 
been obtained s])eetrosco]ucally.^® 

It is stable in air, but volatilises with partial decomposition when 
})cated in air, leaving a non-volatile residue of oxyiodide or trioxidc.^^ 
It is not hygrosco])ic, but is decomposed by water. 

It is soluble in hydrochloric acid and in hydriodic acid, slightlv 
soluble in absolute alcohol, and more soluble in bcaizcnc, toluene and 
xylciK'. It is also soluble in arsenic tribromid(‘.^“ The solnbilitv in 
organic sohxmts is greatly increased by the ])rcscnc,c of arsenic tri- 
broniidc. 

' Muir, J . (Jhon. iSor., JS78, 33, 2()1 ; ^tuir, HofTuK'isier aud Itiths, /or. ril. 

- Sclincichu’, Amifdc-n, .185-t, 93 , (>4; 18r)(), 99 , 470; 18()(), no, 147. 

•• Muir and loaglus, CJicm. Soc., .1895, 67 , 92. 

‘ Aucor, ('n)/rj)l. TPrui., 1904, 139 , 071. 

Birckcuiiiach, AVr., 1907, 40 , 1404. 

lirai'klccui, /jvifsrjt. 19.30, 74’ 07. S (‘0 also LukOv, 1907, 40 , 1105; 

Zctlsch. ((vor'j. ('Ikuk, 1 89;>, 3, 545; XicklOs, U,(\ nl.: tSchrKu'dca', J. ■praki. Chcjn., 
180(4, 79 , 121. ' hilcniffl louril (!ri/ir((l 1920, i, Ml. 

^ Ikll/,, Sa {)})('!• and M'uniuuibcig, Zrilsrh. (nm/fj. (■hoii , 1952, 203 , 277. 

I itlc) )!<if kjikiI Cnficnl 192(5, l. 111; ( .'arncllr'y and Williams, J . 67a///. Zac., 

1880, 37 , 125. 

Ni'iiiniin, rhijsil.'dl. Zi'if.sch. Soirjf.f-zi ii k/ii , 1952, 2 , 1-22. 

Tlionia.s, i-rtid., 189(5, 123 , .1000; .Muir, 1 1 oil ineisl (‘r a nd 1\ obh.s, ///r r/7. 

lbuu:(a-s, Znfsrh.. (uioKf. Chrm., 1895, 3 , 545; Zril-srh. ■phy.sikal. (Jlir-///., .1.895, II, 340. 
ri Nickb's. lar. nL 
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Bismuth triiodidc is hydrolysed slowly by cold water, slightly more 
rapidly by hot water. ^ The rate of hydrolysis, however, at 25 C. and 
at 50° C. is so slow that the conditions of equilibrium have not been 
determined.^ Two products of hydrolysis have been described : ^ a 
black eoni]Dound, which is formed when water is first added to the 
triiodide, and a brick-red substance which is obtained when the con- 
centration of bismuth in the liquid phase falls below 0-002 gram-atom 
])cr litre and which has the composition of bismuth oxyiodide, BiOI. 
The black substance has not been obtained pure, but analysis indicates 
a eomjmsition corresponding to Ei203.5HI or 2EiOI.8HI.H2O. 

Bismuth triiodide docs not appear to react with hydrogen sulphide 
when heated in a current of that gas.^ 

When the triiodide is heated with dry ammonia, a brick-red com- 
pound, Bil3.8NH3, is formed. This substance is decomposed by w'ater 
with the separation of ammonium iodide.^ 

Bismuth triiodidc is decomposed by nitric acid, with the liberation 
of iodine. IMuir stated that it reacted on heating with nitrogen peroxide 
and was partially converted into oxyiodide ; this action was, however, 
much less complete than the corresponding reaction with cither bismuth 
trichloride or tribromide. It has since been shown that at the ordinary 
temperature the triiodidc is converted to trioxide by reaction with 
nitrogen peroxide, no oxyiodide being formed unless air is present.^’ 

By reaction with caustic alkalis (and less readily wdth alkali car- 
bonates) it is converted to trioxide, admixed with a little bismuth 
iodatc. The reaction proceeds by stages. Taking the action of a 
solution of potassium hydroxide as typical, wdien the concentration of 
the alkali is less than 0-8T5 mole per litre the main product is the oxy- 
iodide, BiOI. When the concentration is greater than this, this oxy- 
iodide by a further reaction is transformed into the white eom])ound 
BiOI.2Bi 2O3 ; with excess of alkali the main product is bismuth trioxidc.'^ 
The triiodidc reacts with alkali sulphides to form bismuth trisulphidc. 
Wl'UMi heated with excess of mercuric oxide, or of mercuric sulphide, it 
is converted to the trioxide or the ti'isulphide, respectively. 

The molecular weight of bismuth triiodidc,® as determined from a 
solution in fenehone, is in accordance with the formula Bilg. 

The triiodidc resembles the trichloride and the tribromide in 
forming a number of complex compounds and double salts. An 
iodobismuthous acid, HBil^.crlToO or Bil3.HI.c'cHoO (where x = S or I), 
is re])oited to have been obtained in the form of rhombic, pyramidal 
crystals from a solution of the triiodide in concentrated hydriodic acid 
by evaporation ovmr sulphuric acid.^ This dissolves in a solution of 
pota.ssium iodide, but is decomposed by water forming bismuth 
oxyiodide. 

An examination of cercbros])inal fluid and brain containing bismuth 

^ Cot I, and Muir’, loc. cit. 

- Uorz and India, Zeif.'^rh. ((nor(j. Ch(i)i., .1909, 61 , 3S7; 63 , 79. 

.1 )ul)r'isay, (Joitipl. roirl., .1909, 149 , 4.').I. 

.Miiii- ;ukI taiLdcs, ./. ('}ir}ii. Zoc., JSOo, 67 , 90. 

I't'i rn r(>(j(j. A n-unlcii ^ 0349,48, 168. 

'■ Thonias, ('ovipt. rfnd., 1896, 123 , 1060; Mnir, J. Chrm. Znc., 1878, 33 , 200; Kointz, 
Z(p'<j. 1811, 63 , 70. 

' Montiunio, linll. Sor. rlilni.., 194-1, ! “>], I, 092; .Fi-anrois and DcKvaiille, /Cr/., 194!), 
[1 I, 53 , I 101. 

® Himini and Cllivari, Alii Ji. Accad. Linr.rA, 1907, [5], 16 , I, GG5. 

^ Arppe, Porjg. AwnaleU; 18-15, 64 , 250. 
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indicated that the bismuth was present in the anion. ^ From a study of 
ionic migration in the compound Xa^Bilg it is found that the bismuth 
occurs in the complex anion Bil5^. Compounds of the form RBib^ 
and HgBilg, in which 11 represents an organic radical, have been 
obtained.^ 

Among inorganic complex or double salts which have been reported 
are the following : 

The sodium salt X’aBil^.HgO, prepared by the action of iodine on 
bismuth in a saturated solution of sodium chloride ; it forms brownish- 
black crystals belonging to the monoclinic system : ^ a. : b : c =- 
0-864 : 1 : 0 - 717 ; / 9 = 102 ° 21 '. X:a2Bil5.4H20, prepared by the action 

of anhydrous sodium iodide upon bismuth chloride in eth3d acetate : ^ 
it has a density of 3 - 88 , melts at OS'" to 94 ° C. and is soluble in water 
and various organic solvents, but undergoes h^nlroh^sis with excess of 
the former solvent. X'a3Bi2l9.I2H20, which separates out from a 
concentrated solution of sodium iodide saturated with bismuth tri- 
iodide.^ 

X'umerous potassium double salts have been reported, including ® 
KI.2Bil3, KI.BiI3.IT2O, 2KI.Bil3, 2KI.BiI3.4HoO, 8KI.BiI., 
8KL2Bil3.2H20, 4KLB1I3, 4KI.BiI3.HI, 4KI.2Bil3 and 6KI.2Bil3. 
Investigation of the condition of equilibrium at 15 °, 85 ° and 55 ° C. within 
the svstem Bilg-KI-HoO revealed the existence ^ of two compounds 
only,^KI.Bil3.H20 or KBil^.HoO and 2KI.Bil3.H2O or K2Bil3.H20: 
the former of these crystallises as bright red monoclinic prisms and the 
latter as deep red flat quadratic prisms with ]n'ramidal ends. Botli 
compounds can be dehydrated by treatment m vacuo over sulphuric acid. 

The ccesium salt,^ Cs3Bi2l9, is prepared by the action of a solution 
of bismuth hydroxide, bismuthyl carbonate or bismuth oxyiodidc in 
hydriodic acid upon Cecsium nitrate, or hy the interaction of cicsiiun 
iodide with bismuth triiodide. It forms iiexagonal crystals, hydrolysed 
slowly in cold water, rapidl\' in hot water. It is fairh" stable when 
heated and its use has been suggested for the (piantitativc determina- 
tion of caesium. 

Somewhat simihir compounds of barium, adcvwm, maguesiiu)!, 
beryllm^ and (duminium have also been reported.^ 

Alost of the foregoing compounds form red or dark red crystals ; 
they arc all hexfrolysed by water, yielding bismuthyl iodide. 

Two ainmonium, compounds have also })ccn obt.aincd and exa, mined. 
The salt X^II.iBi I4.H0O is obtained as a ])rc(*ipitatc' when iodine reacts 
on bismuth in a concentrated acpicous solution of ammonium iodide; 

^ Gurcliot, Ihinzlik arid Spauldinee ■ Phjn'nuic.oL, 1932, 45 , -127. 

- }3ar( linloriicw and l^urrows, J . Fror. Hoy. Hex'.. Nfov Soufk W'alos, ]92(), 60 , ()() 8 . tor 
other compounds with or-^anic bas(-s, se(‘ Kraut, AniKtlcn, 1881, 210 , 310; doivensen, 
Jahresber., 1869, 717. 

Xickles, J. Phurin. Ghini., 1861, [ 8 ], 40 . 321; Grotli, Chrtn. Krys(.^ 1906, I, 410. 

^ Gurchot, Manzlik and Spauldinir, /or.. r/V- Sr-e also .\iokles, J. Hluiioii. (U/.iin., ISlil, 
[.3|, 40 , 324; 1862, [3i, 41 , 148; CourpL rc/uL, ISOO, 50 , 872; I)ra,c:eii(lorlT, PhoD/i. 

1866, 5 , 82; Astro, Compt. rcruL, 1S90. no, 626, 1137; .lurist and Cliri.stian.soii, 
J. A tio'.r. PbdDn . Soc., 19.34, 23 , 16. 

Arppr- and Lina.n, Poyy. Ainiiibii, 1860, in, 211. 

Mol ard, rt nd.[ 1934, 198 , 666 ; Astro, ihxl., 1890, no, 626; Astro, /to/., 

[). 1137; Ar[)]K‘ and kinau, hx:. ciL; Arp]HU Ptxjij. Ainiohn, 1816 , 64 , 260. 

" DGwaullo, Compt. rofid., 19.34, 199 , 9 18. 

.Midoche and (Jlark, J. Ain.cr. (Jhfon.. pix'., 19.30, ^^2, 907; Wells and hooti-, .l/z/c/’. 
Che/)L. J., 1897, [4\, 3 , 461. 

VVelkow, Btr., 1874, 7 , 804. 8 ee also Cannci-i and Terina, Gazzetta, 1922, 52 , 1, 231. 
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it may also be obtained by the action of iodine on bismuth in alcohol 
in the presence of ammonium iodide.^ It forms black, needle-shaped 
crystals of the rliombie s\estem. Another compound, 
is olAaioed when a warm, concentrated solution of ammonium iodide is 
saturated with bismuth triiodide. On evaporation, large, dark reddish- 
brown, rectangular 2 )rismatie crystals separate. They appear to be 
isomor])hous with the corresponding double salt of antimony ; they are 
hygroscopic and are decomposed by water.- 

A solution made by adding excess of a solution of potassium iodide 
to a solution of bismuth nitrate is known as Dragendoijf' s reagent. It 
contains a complex iodide of bismuth and potassium and is used in 
testing for alkaloids.^ 

ComjDlex eomj^ounds of bismuth iodide and organic bases have also 
been described.^ 

Bismuth Oxyiodide, or Bisrnuthyl Iodide, BiOI, is most readily 
obtained by tlie hydrolysis of bismuth triiodide. Various other methods 
for its preparation have been described, including the oxidation of 
bismuth triiodide, the action of heat upon a mixture of bismuth triiodide 
and bismuth trioxide, or the direct combination of those compounds 
in a solution of potassium iodide at the ordinary temperature,^ and 
the distillation of methyl iodide through bismuth trioxide.^ 

It is a red, crystalline powder ; the crystals are variously described 
as brick-red, cubic microcrystals,'^ or as copper-red, rhombic leaflets.® 
The density ^ at 15^ C. is 7*022. 

The oxyiodide is stable in air, melting at red heat without decom- 
position. When heated in the absence of air it sublimes with partial 
deconpDosition, and when more strongly heated it is converted to 
bismutli trioxide. It is only slightly attacked by water, but readily 
by dilute minei’al acids with the formation of bismuth triiodide. It 
dissolves in concentrated liydrochloric acid, forming a yellow solution. 
It is decomposed by botli concentrated sulphuric acid and concentrated 
nitric acid witli evoiution of iodine. It is not attacked to any appreci- 
able extent by dilute alkaline solutions, even on warming; but it is 
comxrted to tj’ioxidc })y the action of a concentrated solution of 
])otassium hydroxide. It is not attacked by a solution of potassium 
chloride. It is eom]:)letely converted into trisulphidc by the action of 
a mixture oJ' potassium liydroxide and ammonium suljdiide. 

Various other oxyiodidcs have been reported from time to time, 
l)ut their existence lias not been confirmed (see also ]). 170).-^^ 

Bismuth lodate. — Xormal bismuth iodatc, ^(lO^)^, can be obtained 
as a white powdci’, insoluble in water and acetic acid, by treating a 
solution oi‘ bismuth acetate with iodic acid; in the presence of acetic 
acid the ]:)rcei])itation is quantitative. 

^ Xicklcs, rriid., JS(50, 51 , 10137; J. Fhnnn. Cfiini,, ISCI, [3], 40 , 322. 

- Lilian, An/i.alti!., 1860, III, 2-42. 

^ DranendortT, 'Ada id (London, 1884-), p. 64; Maiwini, GazzcLia, 1882, 12 , 

166; Tlii-Xh, Pharni. J., 1880, (3), 10 , 641, 809; Yvon, ibid., HTL [3J, 4 , 1014. 

Vanino and llanscr, 1902, 35 , 663. 

^ Fran 90 is and Dolwanllc, Coin-pt. rciid., 1933, 196 , 1731. 

Denliam, J . A nitr. Cluitn. Soc., 1921, 43 , 2367. 

" Fischer, ‘AJic 'iimen ArziitiirnLldP 1893, p, 26. 

® Sc'hncider, J . praki. Clma.., 1860, 79 , 424. 
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When iodic acid and potassium iodate are added to a solution of 
bismuth nitrate, a white precipitate is produeedA A white precipitate? 
is also obtained by 2 >rccipitatino' basic bismuth nitmte from a solution 
of the normal salt and treating’ the liltrate from this with sodium iodate. 
The white iKnvder obtained eaii be dried at 100° C. and is stated to be 
insoluble in both nitric acid and water. On heating it loses both oxygen 
and iodine, leaving a residue which is probably bismutli oxyiodidc.^ 

Bismuth Tliioiodide, BiSI, is obtained by dissolution of bismuth 
tri sulphide in molten bismuth triiodide, ^ by heating together bismuth 
trisulphide and iodine,^ by heating together bismuth trisuli^hidc, iodine 
and sulphur for a long time,^ or by the action of thioacctic acid on 
bismuth triiodide in the cold : ^ 

Bil3 + CII3COSH + H2O =:=BiSI + CH3COOH + 2III 

It crystallises in small, steel-grey, metallic needles resembling bismuth 
glance. It is decomposed on heating to the melting jDoint into l)ismuth 
trisulidiide and triiodide. It is not acted rp^on by water or dilute 
mineral acids even on boiling ; concentrated hydrochloric acid de- 
composes it with evolution of hydrogen sulphide, concentrated nitric 
acid with evolution of iodine and sulphur, iodine also being liberated 
by the action of warm potassium hydroxide (ammonia and other weak 
bases act in a similar manner, but more slowly and less conpDletely). 

Bismuth and Oxygen. 

Several oxides of bismuth have been reported : they include, 
bismuth monoxide, BiO, trioxide, Bi 203 , tetroxidc (or dioxide), BioO.^, 
pentoxidc, Bi^Oj, and hexoxide, BioO^j. The most stable of these is 
the trioxide, which is mainly basic in its reactions, ])ossessing only \'ery 
feeble acidic properties. Bismuth monoxide is stated to be weakly 
basic, and halide salts derived from this oxide have been reported 
(pp. 158. 171, 175). The higher oxides arc unstable and very slightly 
acidic ; alkali bismuthates, derived from the ])entoxide, are howcn’cr 
more stable, and arc em])loyed as oxidising agents. 

Bismuth Monoxide, BiO. — Various methods for the })re])aration 
of bismuth monoxide were described by early investigators, who 
frce^ucntly referred to it as a suboxidc, but in most cases the ])ro(hict 
was cither impure or later proved to be a mixture of bismuth and its 
trioxide. It is probable that the monoxide was first obtained in a 
fairly 2 )ure condition by dissolving equivalent ])ro])ortions of bismuth 
trioxidc and stannous chloride in hydrochloric acid, })ouring the mixture 
into a moderately concentrated solution of potassium hydroxide, 
filtering and washing the })rec*ipitate with a cold solution of ])ota,ssium 
hvdroxide. The [u-oduct should be dried in a vacuum over sul 2 )huric acid. ' 

^ JTcisolil, Schivcigijtr' J., 1838, 15, 1- 

- Hainmclsberg, Pogg. Annale.-n, 1838, 44, 5G8. 

^ Schneider, Pogg. I860, no, .1.47; J. pnilct. Chtm., 1860, 79, '12:^; Muir and 

Eagles, J. Chtia. Poc., 1895, 67, 92. Schneider, loc, at. 

^ Linau, Pogg. Annahn, 1860, no, 148. Tarugi, GazztUa, 1.897, 27, J, 316. 

" 8chncider, Pogg. Annalcn, 1844, 63, 53; 1846, 68, 49; 1853, 88, 45. 8ee also Muir, 
J. Ckaii. Soc., 1877, 31, 650; 32, 128; Berzelius, '' Lehr buck'''' (Dresden, 1826), 2, 273; 
Thomson, Proc. Hoy. Phil. Soc. GLasgotv, 1842, i, 4; Heiutz, Pogg. A-nnaltn, 1841, 63, 55, 
559; Arppe, ibid., 1845, 64, 237; Schiff, 1861, 119, 331; Bunsen, ibid., ISGG, 138, 

277; Vogel, Kastn.er''8 Archie, 1868, 23, 86. 
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Tlie substance produced when one of the basic oxalates of bismuth, 
Hi oO(C 004)2,- is heated is a mixture, ])robably of bismuth monoxide 
and bismut Ji, luit wlien the basic oxalate 181000.^204 is heated in a 
current of carbon dioxide,^ bismuth monoxide alone is stated to be 
obtained : ~ 

BioOo.Co 04 = 2BiO-f2COo; 

This metliod of Tanatar is now usually cm])loycd. 

Bisiuuth trioxide is reduced by heating in a current of hydrogen “ 
at 267° C., or in carbon monoxide. In the former case it is possible 
that the monoxide is formed. In the latter case, the reduction being 
carried out at 300° C., it will be seen from the following data and the 
accompan^dng time-reduction curve (fig. 8) ^ that there is a break at 



0 3 ^ ^ n 15 78 

Time (hours) 

Fic. 8. — Pecluction of Bismuth Trioxidc by Carbon Monoxide at 300° C. 

a point at which the composition of the reduction product corresponds 
approximately to that of bismuth monoxide. 

Time (hours) . ^ 0 S li 6 9 ' 12 , 15 

I AVcight of BioO.j ' 

I (grams) . " ! I 3 - 0 ()() ’ 2*931 : 2*920 ; 2*890 2*868 2*850 2*831 , 


The above methods and conclusions have, however, been criticised, 
and considerable doubt has been thrown on the existence of an oxide 
oi‘ bismuth lower than the trioxidc.^ 

Bismuth monoxide is described as a greyish-black, finely crystalline 
])owdcr, having a mean density ^ of 7*5 at 20° C., values lying between 
7*17 and 8*55 having been re])orted. This value is lower than that of a 
corrcs]x>nding mixture of bismuth trioxide and bismuth; but this does 
not ]n‘0ve the existence of a separate compound, as the low density may 
be due to the ju'cscncc of hydroxide in the samples investigated.^ 

When dry, the oxide is quite stable in air, but in the presence of 

^ Tanatar, Zeilsch. anonj. Chon., PJOJ, 27, 437; Denham, J. Anier. Chtvi. Coo., ]921, 
43, 2367. 

- Muir, tloflmcister and Ilobbs, J . Ckcm. Soc., 1881, 39, 21. 

^ BiLsice, J. Che.i/1. Soc., 1908, 93, 154. 

Neus.ser, ZtiUch. ano/f]. Chon.., 1924, 135, 313; 138, ISO; Vanino and Troubert, 
Be.r., 1898, 31, 1113, 2267; 1899, 32, 1072. See also Herz and Guttmann, Ztii&cli. anal. 
Chon., 1915, 54, 113, 413; Zdtsch. anonj. Cham., 1907, 53, 63. 

^ Irdernaiioiial Critical Table.'>, 1926, i, 111. See also Treubert and Vanino, Zdlcch. 
anal. Chon., 1914, 53, 564; 1915, 54, 255; Tanatar, loc. cit. 

Ncusser, Joe. cit. 
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moist air it is slowly oxidised to a white hydrated trioxidc, Bi203.2llo0. 
It is also oxidised" on heating in air, oxidation begimiing at about 
IHO"" C. It is decomposed slowly by cold water, and more rapidly on 
boiling. 

It is attacked by warm dilute acids with formation of salts oC tcrvalcnt 
bismuth and ])recipitation of bismuth.^ With hydrochloric acid this 
reaction may be represented by 

3EiO -r hHCl == 2BiCl3 ^ Bi - 

It is oxidised by nitric acid, but in the presence of excess of acid the 
reaction proceecls as with hydrochloidc acid. 

When heated in oxygen, oxidation begins at 140'^ C. and is complete 
at 240'' C, The oxide is also oxidised slowly when heated in a current 
of carbon dioxide. It is easily reduced to metal by heating on a char- 
coal block, or in a current of hydrogen or carbon monoxide : reduction 
in hydrogen takes place at 800'^' to 310° C., and in carbon monoxide 
begins at about 250° C. 

The monoxide is readily oxidised on boiling with a solution of 
potassium hydroxide and bromine with the formation of the pentoxide, 
BioO^.rrHoO, It is converted to metal by reaction with aqueous 
potassium hydroxide alone. It will reduce Fehling’s solution, and 
p o t a s s i u m p er m angan at c . 

It is weakly basic : the halide salts and the sulphide are the only 
salts derived from it that have been reported. They arc unstable and 
difficult to obtain ]3urc. 

By comparing the heats of reaction of hydrochloric acid with 
bismuth monoxide and with a corresponding mixture oT bismuth and 
bismuth trioxide, the calculated heat of i'ormation of one mole of 
monoxide ^ is givoi as 3938 gram-calories, that is : 

Bi203 -rBi =3BiO + 11,814 calorics 

As has been stated previously, most of the facts emimeratcd here 
have been adversely criticised. Arguments have been l^rought forward 
in favour of the view that, on theoretical grounds, it is very im])rohablc 
that bismuth monoxide can exist. Comparisons have ])eeu made 
between bismuth monoxide, prepared by various methods, and a 
corresponding mixture of bismuth and its trioxidc ; and the numerical 
values obtained for the heat evolved in the reaction witli hydrocliloric 
acid, the solubility in an aqueous solution of sodium liydroxidc and 
tlie specific magnetic susce]Aibility have been ibimd to be approxi- 
mately identical in each case. In further sup])ort of this view, it is 
stated that metallic bismuth can be extracted from bismuth monoxide 
by shaking with mercury ; and that the monoxide reacts Avith di'v 
hydrogen sulphide as if it Avere a mixture of bismuth, bismuth ti'ioxide 
and bismuth hydroxide.^ When ])i’e])ared by tlic action ot ])otassium 
hydroxide upon a solution of bismuth trioxide and stannous (‘hloride 
in hydrochloric acid, it reacts Avith sulphur dioxide to foi'in basic 
bismuth sulphate, iBioOg.dSOg. Since this substance is also obtained 

^ Schneider, loc. cit, 

- Tanatar, luc. cit. 

^ Aeusser, luc. at. 

See also Spencer, J. Soc. Chtifi. Ind., 1030, 50, 37 T. 

^ AAusser, loc. cit. 
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the action oF snlpluir dioxide upon bismuth trioxide, it has been 
■suggested that tiisinuth monoxide may ])e a com])ound Bi.BioO.^, but 
tbe ]3ossibility of its ])eing merely a mixture of bismuth and trioxide 
is not eliminatecIM 

^lueb oJ' the confusion regarding tlie existence of bisinutii monoxide 
undoubtedly arises from the dilTieulties encountered in the preparation 
and purification of s])ecimcns of the substance ; the ]:)roduets obtained 

the various methods described frequently vary in composition. In 
addition, these products arc for the most part unstable, especially in 
the presence of moisture.- 

Bismuth Trioxide or Bismuth Sesquioxide, BioOg. — Bismuth tri- 
oxide is found naturally as bismuth ochre. It is the product obtained 
when bismuth burns in air /lores hismuti or when steam is decom- 
posed by metallic bismuth at white heatg^ It is usually obtained by the 
])rolongcd heating of molten bismuth in air, or by the action of heat 
upon the carbonate, sulpliatc or basic nitrate.^ Bismuth monoxide 
wlien heated in air yields the trioxide. The crystalline form is obtained 
by niclting the ]DOwdered Ibrm with ]:>otassium hydroxide,^ by boiling 
the hydroxide witli potassium or sodium hydroxide, by the action of 
potassium cyanide on a nitric acid solution of bismuth nitrate,*^ or b}'’ 
adding sodium nitrate intermittently to a molten mixture of sodium 
Jiydroxide, bismuth and potassium chromate ^ at 850° C. The oxide 
is also obtained when chlorine is passed into a fused mixture of bismuth 
and silver nitrate. 

The mineral, bismuth ochre, occurs in massive form with an uneven, 
cartliy fi-aeture ; its colour is yellowish-grey or green : it is very soft and 
friable. Tlie crystalline form of the oxide, prepared as described above, 
is obtained in the form of bright yellow, transparent rliombic prisms : 

a : b : c -O-SIT : 1 ; 1-065 

More usually, bismuth tiloxidc is obtained as a lemon-yellow powder 
which liecomes darker on heating. When pure it is insensitive to light. 
Th(i various values that have been given for the density and melting 
point oF this oxide arc* ])robably due to the existence of polymoiphism. 
Three Auiricties have been described. The first variety has a melting 
])oint at 820° C. and density 8-9. On cooling it passes to the second 
variety at 701° C. (density 8-2) ; siqiercooling frccpiently occurs at this 
transformation, 1‘ollowcd by rccalcscencc. This second variety varies 
from yellow to brown in colour. The third variety, melting at 860° C., 
and of density 8-5, is Ibrmcd by heating the trioxidc strongly in a 
porcdaJn crucible. Both the first and third varieties crystallise in the 

^ Harninick, J . Chem . Soc., 1017, III, 385. 

- Sec also VuLnino and Zumbu.sch, Arch. Pharni., 1910, 248, 665; Goldschmidt, Brlihih 
Pateni, U»2C, 189706. 

V. JSoiisdorjl, P()iJ(]. AiiiinJcn, 1837, 41, 305. 

IveLOiault, Ann. Chrm. J^hy.^., 1836, [dj, 62, 2G3. 

Smith, J. Anitr. Chou. Soc., 1923, 45, 360. 

'■ y ordenslvioicl, Poyy. Aimalcn, 1861, 114, 622. 

' Stromeyer, Pocjy. Amuiltn, 1832, 26, 533. 

Muir and Jdiitchiiisoii, J. Chc/ti. Aoc., 1889, 585 

'' ''Ihiwara, Jciy^cinese JXMcnl, 1931, 93504. 

Darling, P.S. 1920, 1354806. 

Nordenskiold, Pogy. Annalcn, 1861, 114, 622; Groth, Chern. Krysl.., 1906, i, 100, 109. 

Scliiil, Annalcn, 1861, 119, 335; Schneider, J. jrrakt. Chern., 1881, [2], 23, 86. 



186 


AXTBIOXY AXD BISMUTH. 


rhombic system, but the first modification cannot exist at ordinary 
temperatiiresH 

The variation of tJie specific heat of bismutli trioxide with the 
temperature is shown by the following data : 


, i 

Temperature, C. . 50 ' 100 : 200 300 400 

Specific heat “ . . 0*0569 | 0-0593 ; 0-0617 0-0631 0-0641 


Temp., °C. . i +16-3, -lO-o! - 59-7 | - 106-6 - 160-0; - 204-3 - 212-4 
I Specific heat ^ , 0-0563 0-0561 0-0512 ^ 0-0447 | 0-0350 ! 0-0241 0-0204 


The variation of electrical resistivity with temperature ^ is : 


Temperature, ° C. . 

j 

225 ^ 

425 

645 

Resistivity (ohm-cm.) 

2-84 X 10« I 

1-44 xlO^ 

6-01 X 10^ 


The thermoelectric power with reference to lead, between 500° and 
800° C. and with the cold junction at 0° C., is given by 

Thermoelectric power = (1-946 -1-86/) x 10“^ volt per degree C. 

where t is the temperature (° C.).^ The specific magnetic susceiDtibility ^ 
is -0-170 X 10~®. The dielectric constant is 18-2 and appears to be 
independent of the field strength. 

Bismuth trioxide is volatile at high temperatures, the calculated 
boiling point being 1890° C. Volatilisation ^ begins at 950° C. 

In the spectrum of bismuth trioxide ^ four band systems are found 
between 4300 and 6700 A. 

The lieat of formation of the trioxidc from its elements is 136,600 
gram-calorics per mole,^® The heats of formation of the hydrated forms 
of bismuth trioxide have also been calculated (see, however, ]). 180).^^ 

The trioxide docs not decompose when heated to 1750° It is 


^ Guertler, Ztilsch. anorg. Chcyri.^ 1903, 37 , 222, 

“ Expressed as gram-caloi-ies per gram. H.'auser and Steger, ZeUsch. anorg. Chern., 
1913, 80 , I. Sec also Regnanlt, Ann. "Chini. Phys., 1841, i, 129. 

^ Anderson, J. A'/ner. Cheni. Soc., 1930, 52 , 2720. See also Kelley, Bur tan Mints 
Bidltiin, 1932, 350 . 

Horton, Phil. Mag., 1906, ir, 505. 

Bidvell, P'hys. Pitvitvj, 1914, 3 , 204. 

Endo, Bel. Pt'p. Toho'ku Imp. Univ., 1925, 14 , 79. 

" Guntlier-Schulze and Keller, Zeltsch. Physik, 1932, 75 , 78; Giintlicr-Schulze and 
Betz, ibid., 1931, 71 , 106. 

^ Eeiser, Metall und Brz, 1930, 27 , 585. See also Bailey, J. Chtrn. Soc., 1887, 51 , 
680; Hempcl, Ztilsch. mial. Chtrn., 1881, 20 , 449. 

Ghosh, Zeltsch. Physik, 1933, 86 , 241. 

Mixler, Amer. J. ScL, 1909, [4], 28 , 103. 

Thomsen, “ Thermochemistry'^ (London), 1908, p. 230. 

Read. J . Chtrn. Soc.. 1894. 6 s. 313. 
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reduced, partially or completely, by a number of reducing agents, such 
as hydrogen,^ carbon, carbon monoxide,- silicon,^ sodiinn, ])otassium, 
methane,^ ammoiiia, ammonium chloride, potassium cyanide,^ aluminium 
carbid(%^^ and an alkaline stannous solution. It is oxidised by ozone 
to bismuth jientoxide, and by ozone in the presence of alkalies to 
bismuthates ; ^ it is only slightly oxidised by alkaline permanganate 
solution. 

When dry bismuth trioxide is heated in a current of dry chlorine, 
a white, crystalline, deliquescent sublimate of bismuth trichloride is 
formed. When heated with an excess of bromine for several hours, and 
after exposing the product to the air, an oxybromide, BiiiOigBiy, is 
obtained as a non-deliquescent, cream-coloured powder.^ 

When heated with manganese dioxide, slight reaction takes place 
between 300° and 500° C. A violet-grey 2 )owder is formed, but the 
nature of the reaction has not been fully established.^ 

Bismuth trioxide reacts with sulphur to form bismuth trisul^ohide, 
and with hydrogen sulphide to form a sulphide ^*^10 which has been 
ascribed the formula Bi^Sg. A rather complex reaction occurs with 
sulpimr dioxide, among the jmoducts being a basic bismuth sulphate, 
and, 2 ^o^sibly, bismuth monoxide. The reaction may j^ossibly be 
represented by the equation 

7Bi203 + 3 SO 2 = 6BiO -r4Bi203.3S03 

It begins at a temperature below visible red heat. At first a dark grey 
or black powder is formed ; this, on prolonged heating, is converted into 
the white, crystalline, basic sulphate, 4 Bio 03 . 3 S 03 . A little suliDhur 
trioxide is also cvmlved. The dark grey ^^owder contains a sul^Dhate, 
but not a suljdiide. It is not completely soluble in hydrochloric acid, 
and the black residue so 2 )roduced is mainly bismuth. From this it is 
conjectured that the dark grey 2 )owder contains bismuth monoxide. 

Bisinuth trioxide docs not ap^Dcar to react with nitrogen, even when 
heated.^- It is reduced to metal by heating with ammonia at 250° C. 
There is no indication of the formation of a bismuth nitride, but as some 
water is j^roduced during the reaction it would appear that some of the 
ammonia is decomposed. The reduction is accelerated in the presence 
of silver and quartz sand. AVith j^hos^Dhorus trichloride at 160° C. a 
com 2 )lcx ]-eaction takes place, the j^roducts including bismuth oxy- 
chloridc, bismuth phosphate, phosj)horus oxychloride and pcrha]:)S 
bismuth diehloridc.^'^ The trioxidc is reduced by arsenic in the presence 

^ Schneider, Porj(j. Aiuudtii., 18.31, 82, .31:1; Muir, Ploft'meislcr and Robbs, J. CJitrti. 
iSoc., 1881, 39, 28. 

- Muir, Idoiimeistcr and Robbs, loc. cU.; Brislec, J. Che/n. Sue., 1908, 93, 163. 

^ Kahlenburg and Trautman, Trdns. Amcr. Electrochem. Soc., 1921, 39, 412. 

Muller, Pocjg. An'iialtn, 1864, 122, 145. 

^ Rose, Po(j(j. A)t/>ialcn, 1853, 90, 199. 

^ Pring, Cha7/i. Soc., 1905, 87, 1530. 
idailfcrt, Co'mpt. rend., 1882, 94, 863. 

^ Muir, J. Chon. Coe., 1877, 31, 26. 
de Carli, xlUi It. Accad. Lineti, 1926, [6], 4, 577. 

Sclminann, A'nnaleti, 1877, 187, 313. 
llanimick, J. Cheni. Soc., 1917, iii, 385. 

Muir, loc. cit., p. 647. 

iMuir, loc. ell., p. 28. Sec also Gutbier and Birckenbach, ZeUscli. EleJdrochoni., 1905, 
II, 831. 

Michaelis, J. prakt. CJiem., 1871, [2], 4, 454. 
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of molten sodium hydroxided It reacts readily with bismuth tri- 
srdpliidc accord i rig to tlic equation 

2Ei.O;, ~rlhoS,-6Bi H :3SO, 

Tlie reaction begins at quite low temperatures in a eurrejit of carbon 
dioxide ; it can also be conducted under molten sodium chloride. 
There remains, in addition, a residue which gives the reactions Tor a 
sulphate ; probably partial reduction also takes place according to the 
equation “ 

6BioO, -cBioS;, = 8Bi +8(BiO)oSO., 

Bismuth trioxide, when heated with silicon tetrachloride, yields 
bismuth trichloride and silica.^ 

It reacts with potassium thiocyanate ^ with the formation of bismutlr 
trisulphide and a complex compound, K 2 Bi 2 S_i. 

Thermal examination of the system BioOs-BbO reveals the possible 
existence of the compounds TBioOg.PbO (decomposing at 690^ C.), 
3 Bi 203 . 2 Pb 0 (M.pt. 686° C.) and BioO.j.^iPbO (M.pt. 625° C.) (see 
fig. 9).= 

Bismuth trioxide does not attack platinum below 1200° C. in a 
neutral atmosphere. At 1300° C. it is slowly decomposed and tlie 
liberated bismuth gradually absorbed by the platinum with the foi’ma- 
tion of a brittle, fusible alloy. At 1400° C. this action becomes rapid, 
and a platinum vessel is completely destroyed when heated with bismuth 
trioxide at this temperature.^ 

Bismuth trioxide reacts mainly as a basic oxide, forming bismutli 
salts which, in most eases, arc readily hydrolysed yielding, as the final 
product, basic salts. That, under certain conditions, it also exhibits 
very feeble acidic properties is shown by its slight solubility in aqueous 
solutions of alkali hydroxides, as indicated by the following data ^ for 
the solubility in solutions of sodium hydroxide : — 


I Concentratfon of XaO.Il. (moles jxa- 
litre soluiiorf) .... 
Solubility of .BJ 0 O 3 (ifrain.s per 
100 c.c. solution) 


1-0 2-0 : t () 

o-oom -0 0002 0-002() :i: 0-0002 O-OOt!) :.l(.)-0005 


The solutions, in each case, give no indication of licing colloidal. It 
will be seen that the solubility increases a.pproximatcly in ])ro])ortioii 
to the concentration of the alkali. The Iccblc acidity of bismuth 
trioxidc is further sup])ortcd by the fact that in the solid state it will 
react witli barium oxide when heated, but ]iot with oxides less basic. 

Mixtures of bismuth trioxidc and iron oxide (containing from 3 to 
4 per cent, of bismuth trioxidc) have been suggested as substitutes for 

^ Kirsebom, Fre.nch Fattiit, 102(1, 694282. 

“ Schocller, J. Soc. Cktm. ItvL^ 1915, 34 , G. 

^ Kauter, An.tialtn, 1892, 270 , 251. 

IMilbauer, Zd.tsch. anorfj. Che.m., 1905, 42 , 432. 

^ Belladen, Oazzelia, 1922, K 2 , it, 160. 


COMPOUNDS OF BISMUTH. 


ISO 


])]atiniim gauze in the process for the catalytic oxidation of aniiuoniaU 
Sijuilar mixtures of bismutli trioxide and cobalt oxide have also been 
employed. These oxide mixtures arc used in tlie form of a loose, 
granular powder ; they are active at about the same temperature as 
]:>latinum gauze, but they act more slowly and their life is not so long.- 



F re. 1). — Freezing lV)int J)iap:rani of the S\'stcin 'BioOjj-.PbO. 


Bismuth Hydroxide or Ilijdrated Bismuth Trioxide. — Three 
hydrated forms of bismuth trioxide have been described. They are 
the trih ijdratc, or bismuth hydroxide, thoOo.BHoO or Bi(OII)o, the 
di hydrate, IhoO^.^TL^O, and the rnonohydrate, also known as bismuthyl 
hydroxide, BioO.j.lIoO or BiO(OIl). There is no doubt that hydrated 
i’oiMus of the trioxide can be ]:)rcparcd b\" a. variety of methods, but their 
(mistenec as definite c'hemieal com]:)ounds has been criticised. Phom a 
study of the dehydration of hydrated bismuth trioxide at a constant 
j)i*(\ssurc of‘ B) iTim. mercury, it was determined that water is removed 
in tliree stages. Assuming the original hydrated oxide to be the tn- 
hydrate, water is removed from this continuously as tlie temj^erature 
rises until the eonpmsition approximates to that of the dihydrate. At 
about BBO"" Cl. water is removed suddenly and the composition approac'hes 
that of Ihe monohydrate. The remaining wmter is again removed 
continuously, a temperature higher than 120" C. being required for 
complete rcanoval.''^ An earlier investigation on the dehydration of the 
hvdi’atcd oxide by heating re\malcd a slight break in tlie dehydration 

‘ rdiidii, J. Chnn.. ! 30, 121)7; Hildiicli, "(SUtiyylr. in A pplunl 

C hrnns! I n ( I.otuloti, l!)2l)), p. 127. 

“ the- iis(‘ ()]’ bismutli ii’joxict' as a. (ilka’ in rubber eorn [losit ions, see Williams, 

[US. Anlcjif, M);>2, ISI-lbOb. foi- it.s use in t.lie maniiraeture of elass, see Pieu'd and Sliarp, 
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curve between 340° and 415° C., but no substance corresponding in 
composition to a definite hydrate was obtained. If the hydrated oxide 
is dried over sulphuric acid, dehydration proceeds continuously and 
there is no indication of a definite hydrate.^ Further, recent attempts to 
jirepare by various methods a substance that could be identified as the 
definite eompound bismuth Iwdroxide, Bi(OH)3, have proved unsuccess- 
ful.^ It is probable, therefore, that if definite hydrates of bismuth 
trioxide do exist, the\^ are extreme^ unstable. The substance as 
usually prepared, and technically known as ‘‘ bismuth hydroxide,” is of 
indefinite composition. Among the methods adopted for its preparation 
may be mentioned precipitation from solutions of bismuth salts by 
ammonium hydroxide, followed by washing with a succession of volatile 
solvents and evaporation,^ and electrolysis of a dilute solution oP 
sodium chlorate, containing carbon dioxide, using bismuth anodes and 
cathodes of carbon, zinc, iron or aluminium.'^ A description follows of 
the three hydroxides that have been reported. 

Bismuth Trihydrate, Bi203.3H20 or Bi(OH)3, is most conveniently 
prepared by adding a solution of a bismuth salt containing glycerol 
to one of sodium hydroxide, and neutralising the excess of alkali witli 
nitric or acetic acid. The product is frequently contaminated with 
traces of the bismuth salt employed and with the carbonate (through 
absorption of carbon dioxide).”' The hydrate is not precipitated from 
solutions by alkalis in the presence of tartaric acid ® or citric acid.’^ 
It is a white substance, and is converted to yellow bismuth trioxide on 
boiling with alkalis : ® at lower temj^eratures, in contact with alkalis, 
it is said to be converted to the monohydrate. ^ At 20° C. it is practically 
insoluble in a normal solution of sodium hydroxide and more dilute 
solutions ; the solubility is slightly higher in 4A" NaOH, and increases 
appreciably with higher concentrations : it is greater at 100° C., but still 
low in dilute solutions. Thus bismuth hydroxide resembles the tri- 
oxide in possessing only very slight acidic properties. It is soluble in 
sodium h^'droxide in glycerol, and by heating this solution, and those 
in tartaric or citric acid, with grape sugar, tlic hydroxide is reduced to 
metal. 

The so-called diliydraie, Bi203.2H20, is prepared as a pale yellowish- 
white, flocculent bod}^ by ]:)reci])itation from a solution of so-called bis- 
muthic acid in hydrochloric acid hy potassium hydroxide after ])assing 
a current of sulphur dioxide through the licpiid. When, however, 
sulphuric acid is used in place of hydrochloric a.cid, the precipitate is 

^ Moser, ZeitscJi. anorg. Cltem., ]909, 6i, 879. Sec, however, Thibault, J. Phfir)i}., 
1900, [6], 12, ooO. 

- Hackspill and Kicirer, Ami. Chim., 1930, [10], 14, 227. 

l.G. Tarbenind. A. G., British Patent, 1928, 332504. 

■’ CuTi'QTQ.^, British Patent, 1927,298587; French Patent, 1929,040346; German Jrijc.nt, 
1927,538286. 

■’ Closer, Joe. cit.; Stromeyer, Pogg. Amudeii, 1832, 26, 553; IMuir and Carne,L,9e, 
J. Cliem. Soe., 1887, 51, 79, Carnclloy a,nd W'alker, Joe. cit. 

Schneider, .Pogg. Annaleri. 1854, 93, 312; Xylander, Zo.itsch. a.nal. Chevi., 1881, 23, 
140; Schmndvcr, Zeitsch. anorg. Chem., 1894, 5, 200. 

‘ Smith and Frankel, Ame.r. Chm.. J., 1890, 12, 428; Lot.t(;rmoser, J . praPt. Chem., 
1899, ['2 1, 59, 189; Kosenheim and Vogelsanyc Zeitsch. anrrrg. Chv.ni., 11)00, z|8, 20S. 

® Stromeyer, toe. cit. 

Moser, loc. cit. Sen*, however, (Jorheld and Wood wand. Chemist ainl J)raggist, 1921, 
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more 2 :)robably the monohydrate. ^ Two dimorphous forms of the 
dihydrate have been described.^ 

The monohydrate^ or hisinnihyl hydroxide, or “ hismuthi hydroxidwn,'' 
BioO.^.HgO or BiO(OH), is prepared by pouring a solution of bismuth 
nitrate in dilute nitric acid rapidly into ammonium hydroxide and 
drying the precipitate at a temperature not exceeding 70° C.^ This 
method has, however, been criticised on the grounds that the hydroxide 
always contains either an oxy-salt or the trioxide ; it is also stated that 
the only true hydroxide is the trihydrate, BioOg.SHgO. On heating to 
110° C. the tri hydrate loses water, the residue containing 94 per cent, of 
the trioxide.'* The monohydrate is soluble in ordinary distilled water 
to the extent of 1-44 milligrams per litre at 20° C.^ It wall precipitate 
the hydroxides of aluminium, chromium and ferric iron from neutral 
solutions of their salts, but is apparently without effect upon solutions 
of copper, zinc, ferrous iron, nickel, cobalt, manganese and lead ; ® but 
according to other investigators the monohydrate precipitates most 
metals as oxides or basic salts. It can be oxidised in alkaline solution 
by many oxidising agents and is reduced by stannous solution to 
bismuth monoxide. 

Colloidal hydrated bismuth oxides, known as “ bismon,'’ have been 
obtained," wliile hydrosols have also been prepared.^ 

Higher Oxides of Bismuth. 

Various higher oxides of bismuth have been described from time 
to time, altliough in many cases it is uncertain that the substances 
ol)tained w^cre pure. Three of these oxides will be discussed here, 
namely, bism,uth tetroxide, Bi 204 , bismuth pentoxide, Bi 205 , and bismuth 
hexoxide, BioOg. 

As early as 1818 an oxide of bismuth containing more oxygen than 
the tri oxide was ])rcpared,^ but this, and many of the preparations 
subsequently described by other investigators, w^erc probably mixtures 
of the tetroxide and the pentoxide, and may even in some cases have 
eon lain ed an alkali bismuthatc. In most cases the higher oxide was 
prepared by the action of an oxidising agent upon a suspension of tlie 
trioxidc in an alkaline solution. Oxidising agents that have been 
employed include ozone,*® hydrogen peroxide,*-* potassium persulphate,*- 

J. Cheiih. Soc., ISll, 31 , C47. 

“ Moser, lor,, rit. 

^ Jirlhsh P h amid cell I i CM I Codex,'' 1923, p. 207; Arppe, Por/f/. Animlen, 1H04, 64 , 237; 
Thil^ault, J. Phami. Chira., .1900, [ 6 ], 12 , oo9; M.iiir, J. Gliean, Pgc., 1877, 31 , 048. 

Cordeld and Woodward, Phartii. J., 1924, 113 , 83, 128; Chemist a.nd Druggist, 1924, 
1 01 , 134. 

Alnikvist, Zeiisch. anorg. Chem., 1918, 103 , 240. 

LebaigTie, J. Pliarw.,, 1801, [3], 39 , dl. 

" taal and di Pol, Bex., 1920, 59 B, 874. 

^ r>iltz, Her., 1902, 35 , 4434; Kulin and Pirsch, Kolloid Zeit., 1925, 36 {Zsiguiondy- 
Pestschrift), 310; Tlaissinsky, Compt. rend., 1934, 198 , 580. 

■' Bncholz and Brandos, Achtreigger's J., 1818, 22 , 23. 

Sclionkeiti, J. pro Id. Chr.ni., 1804, 93 , 59; Mnilfort, Convpt. ro/ul., 1882, 94 , 863. 

fIascd)roek, Her., PS87, 20 , 213; .lannasch and collaborators, Per., 1893, 26 , 1-199, 
2908: 1894, 27 , 2227; 1895, 28 , 994, 1408; Zeifsch. aiteyrg. Cheni., 1895, 8 , 302; IMorath 
and koroli, Itanx). J )i.ssicrl((iton, M-unrhen, 1893; Pnpp and Scliaumann, Zaitscii. wnat. 
Cheon., 1903, 42 , 732; Hauser and Vaiiino, Zeitsch. anorg. Chern., 190-1, 39 , 381; Moser, 
Zeitsch. an.org. Che.ni., 1900, 50 ? 33. 

Dcicldcr, ZeAlsck. anorg. Cliein.., 1899, 20 , 81; Rupp, Zeiisch. anal. Chern., 1903, 42 , 

732 . 
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alkali hypochlorite,^ chlorine, bromine, ^ and potassium feri'icyanide.^ 
Molten bismuth trioxide has also been oxidised by air, potassium 
chlorate and potassium nitrateA In addition, higher oxides have been 
obtained by electrolytic methodsA 

i\Iany of the methods just mentioned, involving the oxidation of 
bismuth trioxide in the ]:>resence of alkalis, have been repeated,^ hut 
in no case was a compound of uniform composition obtained ; and tlie 
compound previously considered to be bismuthie acid, HBiO.^,' always 
contained less oxygen than corresponds with this formula and was not 
uniform in composition, and further the product shows no sign of salt 
formation with a concentrated solution of ])otassium hydroxide. 
Probably the product obtained is a mixture ot liigher oxides which 
possess no acidic properties. Attem])ts to obtain a uniform pi'oduct 
by electrolytic inethods have also proved unsuccess tub® 

Bismuth Tetroxide, Bi204, hydrated with one or two molecules 
of water, is formed -when sodium bismuthate is decomposed with nitric 
acid ; the anhydrous substance has not been obtained by this method, 
as oxj^gen is lost when water is removed.'^ 

Four different modifications have been obtained by the action of 
various oxidising agents rp^on a suspension of bismuth trioxidc in 
boiling solutions of dilute alkali hydroxides. Two of these modi- 
fications are anhydrous, the others being modifications of the mono- 
hydrate, Bi204.H20. A dihydrate, Bi204.2H20, is obtained by the 
action of chlorine u])on a sus])ension of trioxide in a boiling, concen- 
trated solution of alkali hydroxide : it is always contaminated with a 
hydrated pentoxide, from wdiich it can be separated by treatment with 
boiling, concentrated in trie acid. 

Anhydrous bismuth tetroxide is browm or pur])lis]i-})lack. Its 
density (at 20° C.) is 5*60 to 5-75, that of the dihydratc being 5-80. 
The anhydrous substance is stable at 100° C., but loses oxygen at 1(30° C'. 
The monohydrates begin to lose water at 100° C., and are dccomposc'd 
at 1(30° C., wliilst the dihydrate is decom])oscd at 100° C., losing ])oth 
oxygen and water. The tetroxide is not attacked liy dilute nitric or 

^ Bi’aiidcs, J., 18313, 69 , 15S; Slroincyer, Porjfj. Aiihn'h'H, 1 Sl)2, 26 , 549; 

Jac([uclain, Ami. Chlrn. Phys., 1 S37, [21, 66 , 113; J. prnh't, (Atoti., 1838, 14 , I; Ar])p(‘, 
J^oyg. Amialcn, 1S4-5, 64 , 238; Scliraflor, A'liiialen, 1862, 121 , 201; >SchjfT, Ati ixihii, 1801, 
119 , 342; Kupp. Ze/l.<ch. andl. Chon,., 1903, 42 , 732; Foster, Bar., 1879, 12 , 840. 

- Jacquelain, /oc. di.: Arppo, loc. cif.; Hcintz, Bfnjg. Annalcn, J844, 63 , .I.IO; 
Sotid, /oc. rv/.; Schrader, Joe. cit.; .Hoffmann, Amuiltn, 1884, 223 , 1 lO; IMuir, J . ('Ikiii. 
Sor., J876, 29 , 149: tlilgcr a.nd van Hcher})enberp:, M i Ur Hung (01 drr Kriongfr JUnmn. 

Junf., 1889, 11, 4, 7; MoT-aih and Lorch, loc. c/.l.; Deichlei', 7jcitsch. OKorg. c'h"ii!., 1899, 
20 , 81, 103: Andre, 6 ’o 7 /?/A. rrud., 1891, 113 , 860; 1892, 114 ,' 379. 

Hauser and V'am'no, /oc. cit. 

* J3ucholz and Brande.s, lor.. clt.\ Jacquelain, lor. ciL; l' 4 ;em 3 % Com pi. rr/id., 1812, 15 . 
1108; Schneider, Alomdsh., 1888, 9 , 2.72: Bottler, J.prald-. Cltcin., 1878, 73 , 4 9 1 . 

Liickow, fhngl. poly. J 1867, 177 , 231: Werincke, Po(gg. AnnKdrii, IS70, 141 , 117: 
Schucht, Brrg~ und Hultr.ii.-iiuin'tt ischr, Ztitwng, Leipzi,u, 1880, 121; Deichlcr, lor. r//.; 

Hollar d, Ccnnjyt. rend-., 1903, 136 , 229; Bose, Zc/tsch. anorg. Chrm , 1907, 44 , 237, 
Grube and Schweigardt, ZaiPcfi. J'Jlektrorhem , 1923, 29 , 277. 

Gulbrer and Bunz, ZriisrJi. otiorg. Chrm., 1906, 48 , 162; 1906, 49 , b'U: 19(>6, 50 . 
210: 1907, 52 , 124; Pilza-iKishrnrhtr p)h.ysi.k(il.--m.rd. Soz. K rl<ut(jr n , 1909,40, IK>; CIkih. 
Zc.rdr., 

‘ Minr, HotTnieisler and Hobbs, J. Chrm. Boc., 1881, 39 , 22; Drucblcr, lor. rd 

^ tiuLbier and Biinz, Zritsrh. (incng. ('hem., 19()6, 48 , 294. See also Muir, J. ('hnn. 
Bor., 1876, 29 , 171. 

'' Corli(dd ami WBodward, Ph/inn. J., 1923, [41, 56 , 80; Chtnu.d. onrl P/nggid, 192.3, 
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sulphuric acid. The crude substauce as usually j^repared is partially dis- 
solved by more concentrated nitric acid (density 1*2) at 70^ to 00'" C., 
with evolution of oxyo-cii, the insoluble residue liaviug a com]30si- 
tion corresponding to that of bismuth tetroxidc. F'rom this it is 
deduced that the usual preparations arc mixtures, probably of tetroxidc 
and pentoxide. The tetroxidc reacts with concentrated oxygen acids 
to form tcrvalent bismuth salts witli evolution of oxygen. It is very 
sparingly sohdjlc in alkali hydroxide. 

Bismuth tetroxidc can be reduced by iiydrogen and by carbon 
monoxide. Hydrogen peroxide is decomposed by it.^ It is a powerful 
oxidising agent ; hydrochloric acid is oxidised to clilorinc even at 
-15" C., and manganous salts are oxidised to permanganate immedi- 
ately in the cold in the presence of nitric acid. 

With hydrochloric acid there is no indication of the formation of a 
chloride of quadrivalent bismuth. ^ 

Bismuth Pentoxide, BioO^, or a Inxlrated form of this compound, 
is probably formed, mixed with tetroxidc, by most of the methods 
already mentioned. Bismuthie acid, HBiOg, is said to be formed 
when a solution of bismuth oxytrifluoride, BiOF^, is decomposed by 
water and nitric acid, and evidence of the formation of sodium bis- 
muthate was also obtained when tlie same com]:)Ound wais treated 
with sodium hydroxide.^ A hydrated oxide, Bio 05 .IT 20 , is obtained 
cither by the action of chlorine on bismuth tiloxide suspended 
in a boiling concentrated solution of alkali hydroxide or, in small 
quantities, b}^ the action of ammonium ]:)crsulphate on the trioxidc 
suspended in dilute alkali at 10° to 60° C. for live or six hours. In 
both cases the pentoxide is mixed with hydrated tetroxidc. Two 
varieties of the monolnxlrate of tlu^ ])cntoxidc have been described, a 
red or browj! variety soluble only with didieulty in concentrated nitric^ 
acid, and a brown variety, obtained from commercial sodium l)ismuthate 
after repeatedly grinding with glacial acetic acid, Avhich is I'cadily 
sohdale in nitric, add (density U2). The hydrate rapidly decomposes 
at 100° C., leaving a residue of trioxide and tctroxicle. It is possible 
that the anhydrous form is incapable of existence.'^ 

Bismuth pentoxide is dcsca-ibcd as a dark I'cd ]:)Owdcr of density 
(at 20° C. ) 5-10 ; on heating it loses oxygen, yielding first the tet]‘oxide 
and finally tlie trioxide. It is reduced by hydrogen and by carbon 
monoxide ; it is an oxidising agent, but has oidy feeble iieidie. ])ro]:)Crtics. 

Jh'smuthatcs of sodium and ]:)otassium ha.\'e been desei’ibed. Sodium 
bismuthate can be ])rc])ared by adding basic bismuth Tutrate gradually 
to caustic soda heated to redness ; sodium ])eroxidc is then added and 
the (‘used mass is allowed to cool."' IMany ca.rlier investigators mentioned 
and described alkali bismuthates, obtained by the methods outlined 
for the ])re])a ration of higher oxides, but it is doubtful whether the 
s'id)slanees obtained wca'c ]:)in‘(\ oi' were even true com[)ouuds.^ Sodium 
bismuthatc' as made eommereially is a \'crv unstaUle substance, being 

^ Schoiiboii), J . pm 1:1. Ok w., 1 S(U, 93 , -Sa. 

- Ilaiis(,‘i’ and Vaiiiiio, Zcifsrh. fiiiii)'(j. ('Ik.hi., laO-t 39 , .‘>S1. 

•’ Kn(t, Knocli and Zcdin-r, Zniseft, ftiiorp. ('hrtti., IDuS, 57 , ddO. Stan liow’cxan', 
and Miclndi'r, Zc/I.'^ch. (nit>/'(j. l*i()S, 59 , UUd. 

' W'orslny and Uol)(‘risnn, J. ('hif/i. Xoa , 117 , 

’’ lU'ddfop and Uaniann, J. Ch<i)i,. Soc.., 67 , 271; (’nrf'n'ld and W ooduaird. 

rimnn. H)2.‘t [4i, 56 , SO; Yrctyfiook of l^luirniaryP 11)22, dTd. 

Jacquelain, J . 'prakt. Chi-m., 1S3S, 14 , I , Muir, J . Cluni.. Xoa., 1878, 33 , 11)7. 


11)^ AXTBIOXY AXD BISMUTH. 

decomposed by ]iot water and by dilute acids. It is used as an oxidising 
agent in the analytical determination of manganese in iron and steel 
alloys, the manganese being oxidised in the cold to permanganate in 
the presence of nitric acid. 

Bismuth Hexoxide, BioOg, has been obtained in small quantities 
by the action of ammonium persul^^hatc or potassium ferricyanide upon 
a suspension of trioxide in a boiling concentrated solution of alkali 
hydroxide. Bismuth tetroxide is formed at the same time, and 
separation may be effected by treatment with warm nitric acid 
(density 1-2). It may also be obtained by the oxidation of bismuth 
tetroxide. It is a pale brown, anhydrous substance, which loses 
ox3^gcn slowh^ at the ordinary temperature.^ 

Evidence suggesting the existence of another oxide, Bi407, has 
been obtained from a study of the electrode Bi/Bi 2O 3 in solutions of 
sodium hydroxide in the presence of oxidising agents.^ This oxide 
docs not appear to have been isolated, however. 

Bismuth and Suuphue. 

Bismuth and sulphur combine when heated together. Two sulphides 
have been described ; thc\’ are, bismuth monosulphide, BiS or BioSo, 
and bismuth trisulphidc, BioS^. No evidence has yet been obtained in 
j'avour of a sulphide higher than the trisulphidc.^ Bismuth trisulphide 
is the more stable compound of the two ; indeed, the view has been put 
forward that the monosul])hide is realh' a mixture of the trisulphide 
and metal. An examination of the freezing ]:>oint curv’'c of mixtures of 
l)ismutli and sulphur (fig. 10) fails to reveal any indication of the 
existence of ITisnuith monosid])hide.''' A brief description of the results 
of investigations on this substance, however, follows. 

Bismuth Monosulphide, BiS, is stated to l^c formed when hydrogen 
sidjdude acts upon bismuth monoxide, cither dirceth^ or in a solution 
eontaijiing sta.nnous compounds and tartaric acid ; ^ also by heating 
a, mixture of bismuth Ip^droxide with an aqueous solution of potassium 
evsinide and thiocyanate." (hystals have been obtained by melting 
togetlier bismuth and sulphur and cooling the melt (piiekl}’'. These 
crystals are stated by some to be bismuth monosnl])hidc and b}-’' others 
to be a. niixt/uia^ ol‘ trisulphide and metalu^ 

When ])r(‘par('d in the dry way, the ])roduct is a slate-grey powder 
with a density of 7-0 to 7*8 at 20'' C. : ])re])a.red in the wet waiy it is a 
black, dull powdc'r, which can be obtaincal in the aidiydrous fojau by 
(Irving o\ c'r sulphuric acid. WIkmi dried ov'cr a watei’-bath some water 
is still rc'tai ned.-^ 

^ \\'()rsl(;y and. 1\ nbnrtsoii, /nr. clf. 

~ I>aiir and LatMiiann, FArldrorJictn., 40, 

^ Mmi', J. C/iri/i. ISfjr., 187S, 33, 199. 

■' Mo.snr and Neiissci’, (An-.m. Zctl., 47 , a4I, dSl. 

] itti'riifilional (J/itir<i( 1928, 4, 25; l*nlai>(>n, .-l/ra. ('Jinn. 1909, IJ, ;)26; 

Cn)i>'p!. 1905, 137, (ilS; Auai, Zrif.srh. o/io/ff. Chcf/i., 1905, 47, 58(3; Jlci’z and 

(ditainann, ihid., 1907, 53, 71. 

’’ Sell n(‘id(‘r, ./. praLi. (di/ ni., 1S99, [2j, 60 , .')2 1 ; Ibiipj, , 1 // //n/r/y, 18,)(), 97^ -ISO; Merz 
and (diUniann, Zrd.^cfi. (Hiopf. ('firm , 1907, 53 , 71. 

‘ llnlVniann, An/K/lrfi, 1881,223, 1,51-. 

^ W'nrt lii'i', J. pntki. ('firm., 1812, 27, 05; llcinlz, Ptnjp. A ii nnfr.n , 18 14-, 6y 57; 
SchiK'idor, F(>(j(j. Annulcn, 1854, 91, 401-; Bose, Fuijj. A/iuiticii, 18. >4, 91, 401; \ anino 
and TrcuOeri, JAr., 1899, 32, 1078; Schneider, J. prah'L ('h(m., 1899, [2|, 60, 524; Ilerz 
and (riittanann, foe. cit. •' Schneider, 7V/y. A?i/(a/c/i, 1850, 97, 480. 
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The monosulphidc is moderately stable in air, but it yields sulphur 
dioxide vv-hen heated m air. It is attacked by hydrochloric acid, bisniuth 
tuchloride being formed m solution and spongy metallic bismuth pre- 
cipitated. It IS decomposed into metal and trisulphide when heated to 
red heat m dry carbon dioxide. nearea to 

Bismuth Trisulphide, or Bismuth Sesquisulphide, Bi„S., is found 
free in nature as bismuthinite, or bismuth glance. It may be made 



300 
Bi 271 


^ ^ ^ ^ 

/iroms non-metal per cent. 


Fk;. 10.- 


-Freezin" Point Diagrams of the Sy.stcm.s Bi-S, Bi-Sc, Bi-Tc. 


aitificially in a variety oi ways, such as by melting together bismuth and 
■suliihur, by subjecting a mixture of bismuth and sulphur in powder 
oi in to high jiressurc by precipitation from a solution of a bismuth 
s< It b,v nHro.gcn sulphide or alkali sulphide, by the action of sodium 
thiosu phate on a neutral solution of a bismuth salt,^ or bv hcatimi- 
bismuth Irioxido with potassium tliioeyanate.'' In addition, it mav he 


' yt'eiTjclin Srh,rnm,-r. ,/„ JSIli, 17, 417; Z.Ctscl,. avr,r,j. Chn,. isno 0 

Al (‘n, Ariisrii, (iiiorfj. Cht-in.^ MMU), 47, :}S6. ’’ ^ 

“ Njirino, Bej., 1883, 16 , .lOUL 
^ Faktor, Phnrra. Post, 1900, 33, 301. 

^ Milbaiicr, Zeitscli. anorg. Chern., 1905, 42 , 441. 
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prepared froi'ti bismuth halides by the methods described on pp. 173, 
181. It may be obtained in the crystalline form by the interaction 
of the vapour of bismuth trichloride with hydrogen sulphide. ^ 

Bismuth trisulphide crystallises in the rhombic system, although 
other crystal forms have been described. ^ The crystal elements of the 
mineral bismuthinite are : ^ 

a : b : c =0-9862 ; 1 : 1-0493 

By X-ray examination it is deduced that the unit cell contains four 
molecules. The parameters^ have been determined to be : 

e/. = 11-13 A., 6 = 11-27 A., c=3-97 A. 

giving as axial ratios : 

a: b: c = 0-9876 : 1 : 0-8523 

As usually prepared the sulphide is a grey or black powder, which 
can be converted into a mic.rocrystallinc mass by heat, by ])rcssure, or by 
heating in a solution of alkali sulphide.^ It has a density of 7-00 to 
7-81 ; that of bismuthinite is 7-4 at 20^ C. 

The melting point ^ is 718^ C. By heating strongly in an atmosjdierc 
of carbon dioxide it can be volatilised in small quantities without 
decomposition.'^ 

The compressibility of bismuthinite ^ has been measured. The heat 
capacity ^ is 0-06 grain-caloric per gram. When examined with light 
from an electric arc, bismuth trisulphidc shows very great photo- 
conductivitv {i.e. an alteration in electrical condiictivitv on exposure to 
light). 

Bismuth trisulphidc is only very slightly solulde in water, the 
solubility,^ ^ measured by a conductivity method, being 0-35 x 10“^' mole 
per litre. It is slightly soluble in dilute hydrochloric acid, the solubility 
increasing rapidly with rise of tcm])crature. With dilute acid hydrogen 
sulphide is evolved at about bO'^ C., but the tem])crature o(“ evolution is 
dependent on the concentration ol' the acid. The trisul])hide is readily 
soluble in concentrated hydrocliloric acid.^^ It is readily attaclvcd by 
dilute nitric acid, sulphur being pi'ccipitatcd. It is dccom])oscd by 
heating with sul])huric acid, sidphur dioxide being evolved. It is 
slightly soluble in sul])hurous acid,^-^ but insoluble in an a(picous solu- 
tion ot sodium sul])hitc. It is insohd)le in a.(]ucous solutions of' alkali 
hydroxides, but is s()lu])lc in solutions of alkali sulphides, the solubility 
increasing ra])idly with increase in (-oncentration of the alkali sulphide. 
From the accompanying table it will be- s(-cn that Ibis solubility is 

^ Diiroclus', C(j}>i2)t. rend., 18')!, 32 , 823. 

- Phillips, Poejej. Annalni., 1827, il, 476; tUissler, ZciLsch anortj. Cfivui., 189.1, 9 , .3J. 

Peacock, Zr.itsck. Krist., 193.3, 86 , 203. 

' Jiofmaiui, ZeitscJi. KrisL, 1933, 86 , 225. 

Spring, Z(-iln('h. ph.ysikal . (Atnn , 1895, 18 , 556; Sciiai’iiioiil , Ann. Chi in. Fhi/s , 1851, 
[3], 32 , 129; J)iUe, Coin.pl. rnnd., 1895, 120 , 186. 

'* foni, Aard kf i/i molA , 1!>28, 169. 

~ SchneifkT, .Annalcn, 18.5 1, 91 , 120. 
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ir)C‘]’eased by the presence of alkali hydroxides.^ Bismuth trisulphide is, 
hoAve\xr, insoluble in alkali hydrosulphides : this is demonstrated by 
the fact that when a solution of the trisulphidc in a solution of alkali 
sulphide is saturated with hydroo-en sulphide, the trisulphidc is com- 
pletely repreeipitated. The trisulphidc is also insoluble in solutions of 
ammonium sulphide. In addition, the solubility in solutions of sodium 
disulphide is very much less than in corresponding solutions of sodium 
monosulphide. It is probable, therefore, that the solubility of bismuth 
trisulphide in solutions of alkali sulphides is due to the formation of 
complex anions with the sulphide ion, S ", and that complex anions with 
either the hydrosulphidc ion, SH", or the hydroxyl ion, OII~, are not 
formed. 

Bismuth docs not appear to form a hydrosulphidc.^ 

SOLUBILITY OF BISMUTH TRISULPHIDE IN AQUEOUS 
SOLUTIONS OF ALKALI SULPHIDES AT 25" C. 


Concentration of Aqueous Sojiitions used as Solvents 

(Moles per litre). Solubility of .Bismuth 

; ^ Trisulphide 

Sodium Sodiiiin Botassiuin Potassium (Granp pei 100 c.c. 

: Monosulphidc. H^'droxide. ' Monosvdphido. Idydroxide. ' ^ ^ 


0-5 

0-0040 

I-O 

0 0238 

U5 

01023 

0-5 TO 

0-0185 

DO 1-0 

0-0838 

0-5 

0-0042 

TO 

0-0337 

i U5 

0-0030 

0-5 1 •() 

0-0240 

, 10 1-0 i 

0-1230 

: . . ' 1-25 1-25 

0-235 1 


Bismuth trisulphidc is stable in air at tcmperatui'es up to 100" C. ; ^ 
aboN'c that temperature it begins to lose weight ; sul]dmr is lannoved on 
melting, and on cooling crystals ot bismuth can be detected in the mass ; 
it is com])letely desulphurised by heating in the electric furnace.^ It is 
very slowly reduced by heating in a current ot hydrogen,^ and the (‘on- 
ditions of equilibrium between bismuth trisuljdiidc and hydrogen " have 

' Knox, J. CJioni. >S'oc., IhOl), 95 , 1760. See also Abcgg, Zeil.^ch. a-norg. Chem.., 1004, 
39 , 300, Ai)Ogg and Bodlandcr, ihid., 1890, 20 , 433; Stillman, J. Adu) . Chotn. A(/c., 1806, 
i 8 , 683; Stone-, v/m/., 1896, i 8 , 1091. 

- Linder and Piet on, J. Chcni. Sor., 1892, 6 i, 132. 

^ Pose, /bg/f/. A/iv.dlcfi, 1860, no, 130. 

' Mar'x, ScfuroUjrjor s J., 1830, 58 , 472; 1830, 59 , 111; Schneidei', Annaltn, 

187)4, 91 , 430. See also Schoellor, J. Soc. Chuit.. Ind., 101 7, 34 , 6 , 9. 

Moui-lol, Cornpi. rend., 1897, 124 , 768. 

Rose, Pog(j. A/nialcn, 1860, no, 136. 

‘ Brilske and Kapustinski, Tzrtl. Mel., 1931, 1147; Zeit.Mi. anorg. Chem., 1930, 194 , 
323. 
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been studied between 400° and 1000° C. The effect of tlie presence of 
alkaline earth sulphides ip^on the equilibrium 

Bi,S3 + 3 II 2 2Bi + 3 II 0 S 

has also been studied.’ Calcium sulphide a]3pears to be without effect, 
but the jDresence of sulphides of strontium and barium retards the 
decomposition of bismuth trisulphide. 

The trisulphide is oxidised when heated in air or oxygen ; it is 
difficult, however, to eliminate all the sulphur unless the heating’ is 
carried out in vacuo ^ The presence of excess of bismuth trioxide also 
facilitates the removal of sulphur. The calculated heat of oxidation of 
bismuth trisulphide ^ is : 

BioSg vd-SOg =Bi 203 + 3 SO 2 + 278,500 calories 

The trisulphide, when red hot, will decompose steam ; the products 
of the reaction are bismuth, bismuth trioxide and hydrogen sulphide.^ 
No reaction occurs on heating with ammonimn chloride.^ 

The trisulphide is reduced by phosphine to metallic bismuth ; 
phosphorus and hydrogen sulphide are also formed by this reaction.^ 
Reduction to the metal occurs by heating on a charcoal block, tlie 
reduction being accelerated by the presence of sodium carbonate. On 
passing a mixture of air aird carbon tetrachloride over heated bismuth 
trisulphide, bismuth trichloride volcitiliscs.’^ 

When heated with sulphur dioxide, bismuth sul))hate and metallic 
bismuth are formed.® 

The sulphide does not react with a solution of potassium cyanide,^ 
but it is completely reduced to rnctal when heated in the dry state with 
that salt.’-^ 

Freshly precipitated bismuth trisulphidc reacts when boiled with an 
aqueous solution of cuprous chloride and sodium chloride to foian 
bismuth trichloride and cuprous sulphide ; the trichloride is sub- 
sequently hydrolysed. When boiled w'ith a dilute acpicous solution of 
cupric chloride, cupric sulphide and bismuth trichloj'ide arc^ formed in 
a similar manner. In each case the bismuth tricliloride may be partially 
hydrolysed.’^ An investigation into the ac+ion of solutions of various 
metallic salts upon Amrious metallic sulphides — including bismutli 
trisulphidc — indicated that the altinity of })isnuith for sul})lun- is greater 
than that of any other clement in the fifth group oi' the Pca'iodic Classi- 
fication, and is also greater than that of lead.’- 

By treatment of bismuth trisulplude witli a cold, saturated, 
ammoniacal solution of mercuric cyanide, bismuth cyanich' and mcrcui'ic 
sulphide are formed ; the latter is volatiliscal on heating, and the 

^ Schciick and tkirdun, Zcit.^ch. a/iorg. ('Ik hi , I Olkg 211, 

" Schcnck and Sjicckniann, Zcit--<.ck. (inouj. ('Item., la.'U, 206, liTS. 

^ Brilske and Kapustiinski, loc. cit. 

Regnault, Ann. Chini. Phys., 1839, (21, 62, 3S2. 

do Clermont., Conrpl. rnnd., 187!), 88, 973. 
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rornier decomposed, the resultant bismuth metal being oxidised to 
trioxide by liealing in air.^ 

Tlie trisulphidc reacts with terric chloride in a scaled tube ; bismuth 
trichloride and terrous chloride arc roi’med and some sulphur is set frec.^ 
With ferric suljihate a reaction takes place according to the equation 

BioS3-r3Feo(S04)3-Bio(S04)3 + 6FeS0^+3S 

The ferrous sulphate thus formed can be estimated by titration with 
potassium ]:)ermanganate and the method used for the volumetric 
estimation of the trisulphidc.^ 

The following heats of formation from solid bismuth and sulphur 
vapour, and from solid bismuth and solid (rhombic) sulphur, have been 
calculated : 

2Bi (solid) + It^So (vapour) =BioS 3 + 111,540 calories 
2Bi (solid) -r3S (rhombic) =BioS 3 + 67,200 calories 

Colloidal bismuth trisulphide may be obtained by passing hydrogen 
sulphide through a very weak solution of bismuth nitrate, acidified 
with acetic acicl, and dialysing.^ 

Thiobismuthites. — Several compounds of bismuth trisulphide 
with other metallic sulphides have been described, and certain minerals 
which contain bismuth sulphide in association with sulphides of copper, 
silver or lead are stated to be complex compounds of this type ; some 
of these have been made artificially.® By melting together metallic 
bismuth, sulphur and alkali carbonate, Schneider claimed to have 
produced complex sulphides with alkalis,’^ but attemjDts to repeat this 
preparation proved unsuccessful.® On the other hand, reactions have 
been described between bismuth trisulphide and siilj^hidcs of the 
alkaline earth metals ® wdiicii have resulted in the formation of the 
thiobismuthites SrBioS.^ and BaBioS 4 . The corresponding compound 
of calcium has not been obtained. The calculated heat of formation 
of the strontium compound is 4173 gram-calorics, that of the barium 
com])ound being 13,380 gram-calories per mole. 

Thermal examinations of binary systems of bismuth trisulphide 
with other inctallic compounds have been made, including the S 3 'Stem 
with antimoTiy trisulphidc,^® bismuth tclluridc and silver sclcnide.^- 
The results are summarised in fig. 11. 

'' Scliniidt, 7j)*fcr., 1894, 27 , 2'2T). 

- (dirnTiKiror, Jitrg. Jluilcn. ZcuLuikj, 1S9J, 50 , 29;"); Che.ni. Zentr., 1891, ii, o25. 

lianus, Zcit.scli. a)ior<j. Chein., 1898, 17 , 111. 

llriisko and Knpusiinski, ZeiU-ch. ionjrg. Chern., 1930, 194 , 323; Tzvcl. MtL, 
1931, 1147. 

^ Wiiissiiiger, Hull. Acad. Belj.y 1888, [3], 15 , 403. 

Sc;hncidor, J. prdkl. Cktui-, 1889, [21, 40 , 504; llosslcr, Zeilsch. wn-oiuj. Cheui., 1895, 

9 , 47. 

' iSchricidcr, Ao(j(j. Aunalm, 1809, 136 , 404; 1869, 138 , 309. 

® Muir, J. CAudii. Soc., 1878, 33 , 199. 8 ce also Ditto, Corn.'£)t. rend., 1895, 120 , ISO; 
Milbauor, Zeitsch. (luarg. CIkmu., 1905, 42 , 441. 

^ Sclienck and Pardun, Zeit.udi. anorg. Chtra., 1933, 211 , 209. Sec also Sclicnck, Ihkl., 
1933, 21 1 , 203. 

Takahashi, Mtni. Coll. Sci. Kyoto, 1919, 4 , 47. 

Ainadori, /[ttl Ii. Accad. JAn.cel, 1915, 24 , il, 200. 

Pclabon. Cornot. rt'nd.. 1908. 146 . 975. 
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Bismuth, Oxygen and Sulphur. 

Niiiucroiis coi'n])ouiuls of bismuth with oxygen and sul])}nir have 
been described. The majority of these are basic salts of uncertain 
constitution. Certain naturally-occurring minerals may possibly be 
oxysulphidcs, such as karelmite and holivite,- but the evidence does 
not appear to be sufficient to decide their true nature. A sid^stance of 
composition corresponding to BigOgS has been obtained as a greyish- 
black powder by the action of dry hydrogen sulphide upon bismuth 
pentoxidc (the latter probably containing tetroxide), and by passing 
hydrogen sulphide through a suspension of bismuth pentoxide in 
boiling benzine. It is stable in air up to 120° C., but when heated above 
that temperature is converted into bismuth trioxide and sulphur 
dioxide. It dissolves in hydrochloric acid with evolution of hydrogen 
sulpliide.^ 

Bismuth Sulphites. — -Normal bismuth sulphite has not yet been 
obtained, but a number of basic compounds have been obtained. They 
are all w'hite, powxleiy substances obtained by the action of a solution 
of bismuth nitrate in nitric acid upon a solution of sodium sulphite. 
The nature of the ])roduct depends upon the temperature and con- 
centration of tlie solutions.^ Among tlic sulphites that have been 
described arc: 9(BiO)oS03.(BiOH)S03.2HoO, 4(BiO)oS03.(BiOII)S03. 
oK^O, 2(BiO)oS03.i3(BiOn)S03.2lI,0, ^ 3(Bi0)2S03.7(Bi0H)S03. 

lOtHO, (Bi0)2S03.3(Bi0H)S03.n20. By the action of hot sul])hurous 
acid u])on bismuth trioxidc, a w'hite, })ow'dcry com])ound has been ob- 
tained to wdhch is ascribed the formula (Bi0)2S03.2(Bi0IT)S03.4H20. 
It is stable in air, insoluble in water, but slightly soluble in sulphurous 
acid, from which it may be reprcci])itated by dilution.^ 

Bismuth Sulphate. — In addition to the normal sulphate, a number 
of othci' compounds, most of wdhch arc basic, has been obtained. The 
products obtained by crystallisation from solutions of bisjnuth trioxidc 
in sul])huric acid vary in composition according to the tcm))cratnrc and 
concentration oi‘ the solution cm))loycd.^’ From an investigation of the 
equilibrium of the system Bi2C33.tS03-Il2S04-Il20, it is found that 
the solid ]ohasc in c(|uilibrium with liquid containing CO to 00 ])cr c'cnt. 
of sul])huric acid is 1^203.1803 : wlien the concentration of the liquid 
])hasc falls bclow' 47'5 ])cr cent, of sul])huric acid tlic solid ])hasc‘ in 
equilibrium is 1^003.2803, wdicn the concentration falls below U37 ])er 
(‘cnt. acid the solid ])hase is a mixture of 111003.803 and 1^003.2803, 
and wdien the conccntratioji falls below 1-09 per cent. ac*id 1^003.803 
alone remains as tlic solid phase." 

Normal bismuth sul])hate may be obtained by dissolving bismuth 
trioxidc, bismutli trisidphidc or bismuth nitrate in excess of concentrated 
sul]:)huric acid, evaporating the solution to dryness and heating the 

’ ItamiiutslferLS M r/K-ralr/u-ij!., i, 1U5; Ilormaiin, J. prakt. Cficvi., 18S8, 75 , 

-I IH; Gi'oth, " TahclU 'it 4t.h IGL, p. 4i). 

“ Crolli, Use. cil , j). 18; t)oinc-yko, C<ytii'pL rciuL, 1877, 85 , 977. 

'' Om(.^m-\\.v‘A\iX^j>''}Jan(lbuch df-r a iifji'd/riusclitn Chuii.it''' (Ileiclolbcrg, 19()S), Uol. til, 
Pari 2, ]). 979. 

^ S('ul)('ii and Fdt.eii, anopj. Chrnt , 189.3, 4 , 72. See also Caglioli and IMalossi, 

AUt R. Acrad. J/vnett, 1929, [(>], 10 , 97. 

Rohrvp, J. prakt. 1888, [ 2 ], 37 , 2 - 11 . 
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residue very carefully A It is a white, powdery or finely crystalline 
substance, very hygroscopic, forming a hydrate Hio(S04);^.7Ho0, which 
loses water at 100° C., becoming a clihydrate, Bi2(S04)3.2H20. It can 
be heated to 100° C. witliout decomposition, but above that temj^ei’atiirc 
decomposition sets in, basic salts being produced. On strongly licating, 
Bi203.S03 is obtained, “ while at red heat all the sulphuric anhydride is 
driven off.^ It can be reduced to metal by heating in a current of 
hydrogen or ammonia.^ It is hydrolysed slowly by cold water, more 
rapidly by hot water, forming in each case ® Bi203.S03. With hydrogen 
chloride it forms addition compounds,’^ the following having been 
obtained : Bio(S04)3.4HCl, Bi2(S04)3.2HCT, Bi 2(804)3.1101. It forms 
double salts with the sulphates of the alkali metals and ammonium. 
With lithium sulphate two compounds have been described,® Li3Bi(S04)3. 
2II2O and Li(Bi0)S04.H20. With sodium sulphate ^ the compound 
1112(804)3. Xa2S04 has been described; with potassium sulphate the 
double salt 1112(804)3.3102804 is obtained in the form of hexagonal 
crystals ; the existence of the compound Bi2(804)3.K2804, which had 
})reviously been described, has not been confirmed. The ammonium 
e()m])ound 1112(804)3. (NI:l4)2804 has also been described. Two com- 
})()unds with cerium sulphate, Bi(0n)804. €6(804)2. aHgO 
€0(804)2.151120, have been described, and solid solutions are also 
/“oiind in (his systc'in.^^ 

Bismuth sulphates is isomorphous with the sulphates of yttrium, 
lantluinum and “didymium.” It is said to be able to confer upon 
('(‘rtain othc'r substances the pro])crty of phosphorescence.^^ 

jlcid IHsviutJi Sulphate, 111003.1803. 7H2O, is obtained by the action 
of m()d(M-atcIy concentrated sulphuric acid upon bismuth trioxide, tlie 
basic siilj)hat(^ first (brined bdng redissolved in a large excess ol' sulphuric 
acid.>‘> 

In addition to the forc^going, several other sul})liates, both acid and 
basic, iiaA'(' bcaai (l(‘S(‘ribcd ; it is possible t luit many of them arc mixtures 
of the normal sulphate^, bismuth oxid(‘ and water. The following may 
b(‘ iiKudioncd : Ili.O.j.SO.,, Ilio03.S03.2Jl2O, Ili203.S03.3lIoO,i^ 3llioOo. 

S()...3lL,(),i® alli/). 'l 1S()3.17IL.(), llio()3.lS().>.:ilIoO, BioCU.lSOo.lioC), 
Hi of >3.1.803.1 OH 

‘ La'jci hjclni, Sc/t irrKjjrf'.s J ISIT, 17, 4H); Anudl^.N, 1871, 160, 21); Scluiltz- 

Scilack, !)(/., IS71, 4 , MaiUlwu-, A/in. ('hii/i. Uhys., 1884, [(>], i, 294; ,/. ■pnikt. CIif‘./N.., 
iShl, j2|, 30, 24.1, 1 lcns;_a‘ii, lur. Trar. rhi/ii., ISSf), 4, 409; .Hailey, J- Chv/n. ;S'oc., 1S87, 
SI, 079; ( ’la.saen, ./. p/dkt. (Ih/n., 1891, [2], 43, 198. 

•' llciiiiz, I*(>{PJ. AnnhUnj 1844 , 63 , 77 . 

P.aik'V, IdC. nt.\ Scliniidt, Arr., 189-1, 27 , 29(). 

* A I [ \ ed.soii, .l/iiK/h/i, 182-1, I, 74. 

■' 1 1 <H td-;in.‘a)ii and 4’rciudi, ('fin/i. Ada/’.s, 1892, 66 , 22.8. *' llcnsLaai, loc. cil. 

■ i'iplnaiin. /v/., 1920, 59 B, 790, lleii.syen, lor. at. 

Mal().-..si, .1//; !\. Arcdfi. Iancci, 19.81, [0], I 3 , 770. 

I aiddcrkc, A /UKilt /! , 1800, I 40 , 277. 

('aidioti and Slolfi, .-liti ll. Arcful. Li/irri, 1927, [Oj, 5 , 890. 

A/mr. Cluiii. 1892, 14 , 81. 

I aiddccia-, A/nKilt/p 1800, 140 , 277. Se(“, howa'.vta', (.'a.ydi()t.i and MalossI, Atli It. 

Arrol. I.n,r> /, 1929, [0], 10 , 97. 

‘ ‘ ('allic.i and l>()nainini, 1928, 53’ "^61. 

‘‘ Hndinan, Ztltsch. (ino/'/j. ('7n-//n, 1901, 27 , 264. 

dr H(.i:- liaudi'ari, Co//ipl. /'r/id., 1880, 103 , 029, 1004; 1887, 104 , 1080; 1887, 105 , 45, 

2 «i 0 . 

'*■ I.ei.-.t, lor. ril.; .-Vdie, lor. at.; Allan, /or. at. 

Ileintz, I’oJJ- Aniudc/i, 18-M, 63 , 55. 

*' Athaiiascsct,), (U>//iyl. /'t /td., 1880, 103 , 271. 


A(ii(‘, /or. cit. 



COMPOUNDS OP BISMUTH. 


203 


Bismuth Thiosulphates.— Bismuth thiosulphate itself has not yet 
been pre]3arcd. Acklitiou of a tliiosulphatc to a bismuth solution results 
in the precipitation of bismuth trisulphide, a reaction wliich has been 
rcconnncnded for the sc]:)aration and detection of bismuth.^ Several 
complex compounds containing bismuth and alkali or alkaline earth 
thiosulphates have been described, however ; solutions of these arc in 
general acid, and do not respond to the usual reactions for thiosulphates 
unless they are made neutral ; ^ it is suggested that they contain an 
unstable anion Bi (8003)3'=. 

Sodium Bismuth lliiosiilphate, Na.3Bi(S203)3, is obtained in the form 
of orange-yellow crystals when bismuth nitrate is rubbed with excess of 
sodium thiosulphate. The mixture is extracted witli aqueous alcohol, 
and the compound ]:>rccipitated as a yellow' oil by addition of more 
alcohol, crystals being obtained by drying over sulphuric acid.^ A 
solution of this salt has been suggested as a reagent for the detection and 
estimation of potassium,^ but has been found unsatisfactory for the 
jDurpose, as the potassium salt precipitated is ahvays contaminated wnth 
the sodium salt.° A crystalline precipitate of sodium bismuth thio- 
sulphate has also been obtained by the action of aniline and alcohol on 
a solution containing bismuth oxynitrate, acetic acid and sodium thio- 
sul])hatc.® By the interaction of a solution of bismuth nitrate in 
mannitol ^ and sodium thiosulphate in the presence of manganese 
chloride a compound, more stable than, that described by Hauser, has 
been obtained in the form o(: small octahedra ® to wdiich the formula 
Xa3Bi( 8203)3 has been ascribed. 

Potassium Bismuth Thiosulphate, K3Bi(S203)3, is obtained by pre- 
cipitation from a solution of the sodium salt on adding a potassium 
salt and alcohol,^ or by the addition of solutions of potassium chloride 
and sodium thiosulphate to one of bismuth trioxide in hydrochloric acid.^° 
It may be obtained in the anhydrous and hydrated forms. The corre- 
S])on ding salts of rubidium and ccesiuni, Rb 3Bi ( 8 oO 3 ) 3 and Cs 3Bi (8003)3, 
both of wdiich arc yellow', crystalline powders, ammonium, (NH4)3 
Bi(So03)3, strofitium, 8r3[Bi(S203)3]o, barium, Ba3[Bi(S203)3]o, silver 
and copper have been prepared in a similar manner. The barium and 
strontium salts arc readily hydrol^cscd by waiter, the silver salt decom- 
poses in a tew' seconds wdth the formation of a black compound, wdiile 
the copper salt is prccijiitated onh" on the addition of alcohol. 

By the interaction of the double thiosulphate of sodium and thallium 
with bismuth trichloride, a thallium bismuth thiosulphate, Tl3Bi(8203)3, 
is obtained. It may also be prepared by the interaction of a thallous 
salt with potassium bismuthothiosulphatc, but it is soluble in excess of 
the latter. It is a sparingly soluble, microcrystalline yellow^ pow'dcr. 
Altliougii moderately stable in neutral solutions, it is readily deconq:)Osed 

^ Vorlniann, M 1S8(), 7, A\S; Taklor, J^han/L. Post, 1900, 33, 301, 317. 

“ llaiLsor, ZrUisch. (Oiorg. Chtm.., 1903, 35, 1; Cuisinicr, B'ull. Soc. chiin., 1922, 31, 10G4. 

^ IJauscr, foe. clt. 

Carnot, Co'in'pl. rc/ul., 1876, 83, 338, 390; 1877, 84, 1604; 1878, 86, 478. 

J\u.stcr atnl Cruters, ZtiBch. anorg. Chevi., 1903, 36, 325; Cinsinier, loc. clt, 

Sanclicz, JhilL Soc. cMni.., 1912, [iv], ii, 440. See also Cuisinicr, Juc. clt. 

" N'anino and Hauser, Zeiisch. anorg. Chtm., 1901, 28, 210. 

^ Minino and Mussgnug, Arch. Pluirni., 1919, 257, 264. 

° Carnot. Conivt. rend.. 1876. 8-^. 338. 390. 
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by acids witli evolution of snl]:)hur dioxide and precipitation of bismuth 
trisnl])liidc, tlie latter bcino' qiiantitati \'c. 

Attempts to obtain bismuth ditliionate and ])ismutli trithioiiate 
ha\x^ ])roved unsuccessful. * 

Eismimii AND Sr/r.RxirM. 

Three compounds of bismuth and selenium have been reported, 
EioSe, EiSe and EioSe.j. Of these EiSe and EioSe.^ are probably true 
compounds,^ the latter being the more stable. Octahedral crystals of 
bismuth subselenide, EioSc, are stated to be (brmed. when selenium is 
melted with a large excess of })ismuth.^ The existence of this compound, 
however, lias not been confirmed. The melting ])oint eurve oC the 
system Ei-Se indicates the formation of the monoselenide, EiSe, which 
deconr])oscs at 602° C. (sec fig. 10, p. 195). This compound is di- 
mor])hoTis, witli a transition ])oint at 422"^ C. On heating bismuth with 
excess of selenium, the triselenide, EioSe.j, is foiuncd.'^ The mineral 
silcKmite, found in ^lexica), to wdiicli the ibrmiila EigSe^ was formerlv 
given,^ is more |)ro])ably a mixture of the triselenicle EioSc., with 
bismuth.^ 

Bismuth Triselenide is found in t]\e minerals gucoiajuatite and 
frenzelitc. It may bc' obtaiiual by melting togdhc'r the elements, but 
on ae'count e)f the ease with whieli seleaiiimi \’olatilise‘S, to obtain, tlic pure 
compounel it is nceaessary to adel rnore^ selemium to Ihe ])roeluet first 
formed and reunelt in the ahsemcc oi' air.'' It is formed when hydrogen 
sclcnide is ])ass(al into a solution e)f bismuth nitrai.e IVom wliicli excess 
aelel has been almost c()m])le‘( ely rcmo\’eai,^ e)r by thc' adelition of a solu- 
tie)n e)f a ])isnnrlh sail lo a. sal iiraleal solution oi' hydrogen sclenidc. 
4die hx'eli'ogem sehmide' is be'st pre'pa.real by the' actie)n of hyelrochlorie* 
adel e)n nuigiussium selemiele^ in I he* absemce' e)f air. II. is ])re)bahle that 
bv 11 k‘ Iasi -meailione-d process bismul h sdeaueh' is oblaincel free from 
d(‘posit(‘d niclal and from coinph'xcs.’' 

In lh(‘ mineral form bismuth Irisdcnide* is isomorphoiis with the 
minerals bismulhinilc and anl imonilc. Its hardiu'ss on Mohs' scale is 
2-5 lo 5-5, and its (haisiU’ (r2 lo h-b : it is commonly assoelateei witli 
siilphiii’ minerals, and indeaal sulphur may j)arlially I'cphiea' selenium. 
In I he prepared form il is a. blad': or gr('y powdea- wil h a. (haisity of 0-<S2. 
W’hem lu'ated il loses sdtaiiiim and absoiEs oxygen. It is only very 
slight 1\' alladvcd b\' eoiuaait ra t eal hyc I rod ih >i’ie a.dd (wen on boiling; 
dilule^ nil lie add has lillh* action, hut eoneeait ra.l ed nilrie* acid aiul 
acpia r(‘gia dceonipose it eompl(*td\' with partial se[)aration ol sdeaiiiim. 
It IS 1 nsol u 1 )1(“ in sol u t ions o t pot assi 1 1 m h\’d roxidc' or j )ol assi u ni sulphides 
Il is oxidis('d lo tin* Irioxuh^ wheai I'usi'd with potassium iiilraU', 
polassmm sdcaiate bdng formeal al the saiiu* liiiu'. Il reaids witli tlu^ 

^ \'aiiin() ami M us, li«\ (if, 

" I ’a I'l a \mm ) and ('asl!‘>:i, (iawiltn, 1 UdU, 6 o, Udl). 
lUmsltT, Zriisfh anniii. ( 'In in., IS‘.I.>, 9 , lU, aU. 

' Iddaliori, ./ . ('hint jilii/s, 2 , .d21; I*ara'a\ aiio, (Inz':/ ll/t , IDld, 43' h 310; 

dt ) n i< )S 1 1 1 S( . 1 /m// ('oil. Sit. /\ i/o/o, iOlU, 4^ Sue al.so I n/ti'/inl imoil ( I'lln'dl Vz/t//',', 

102S, 4 , 30. •’ -Mallet, Jtihih. Miner., 1 SSO, 1(10. 

Bi’iiiis, Zo ilnih. j\ I >/s( .11 in , 1SS3, 6 , 0(>. 

" Sell ll(U( let', Mf'ilil Ann/lhn, 1 Sr);"), 94 , UdS; Little, .{nnulen, 1S.)0, II 2 , 31.3. 
Lel.stnaiin, :\nniihn, iSUd, I 16 , I3.‘). 
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double chloride of bismuth and ammonium when melted, with foi'ina- 
tion of bismuth selenochloride, BiSeCL 

Thermal investio'ation of the s 3 'Stem Bi 2 S;^-Ag 2 Se has been under- 
taken/ and from the melting point curve it is deduced that a double 
compound .‘^AgoSe.^-BioS.j is obtained, the meltiitg point being 773" C. 
(see fig. 11 , p. 200 ). 

Two selenites of bismuth have been described, the first, BioOg. 
4 Se 02 , being formed by the addition of selenious acid to bismuth 
carbonate, aiid the second, 1 ^ 203 . oSeOo.HoO, by the action of excess 
of selenious acid u])on bismuth h\nlroxide.- 

A compound which ma}^ be bismuth selenate is obtained in the 
form of very small, colourless prisms b\^ boiling bismuth carbonate with 
excess ot sclenic acid and removing the excess acid by heating.^ It is 
insoluble iii water and is not decomposed by boiling water ; it dissolves 
in mineral acids, but is decomposed b\" alkalies. The existence of 
selenites and selenates of bismuth has not, however, been confirmed. 

Bismuth and Teli.urium. 

By the action of hydrogen telluride or sodium telluride u]ion a salt of 
bismuth, a monotelluride, BiTe, has been obtained,^ whieli is described 
as being unstable in air, as having reducing properties and as being 
soluble in acids. No evidence for the existence of this conpiound has, 
however, been obtained fj*om thermal (see fig. 10, ]). 195) and miero- 
seo])ie examinations of the s\^stem Bi-Tc, bismuth tritelluride, 
Bi 2 Tc 3 , being the only definite compound of the two elements indicated.^ 
Bismuth telluride occurs in certain minerals, while a thiotelluride, 
BioTcoS, occurs as tctradxunite. It is ))robable that the mineral mon- 
tanitc ^ contains a bismuth tellurate, (]h 0 ) 2 Tc 04 , in a hydrated form. 
No eomjiound of this ty])c appears, howev'cr, to have been obtained 
artificially. 

C.'omj)ounds described as tliiotellurites, of doubtiid eom])osition, were 
mentioned hy Berzelius." Sucli eompoimds do not appear to have been 
examined subsequently. 

BiSMUITF and ClIllO.MlLTM. 

Bismuth Chromite, 3 Bi 203 . 2 Ca- 203 , is pre]iarcd bv heating 
bismuth oxychloride with ehi’omiiim trioxidc and water for several 
hours. s It is a brown powder which is insoluble in water, in. acids 
(including a(]ua regia) and in alkalis. 

Many chromates a,nd dichromates of bismuth have irom time to 
time bccMi dc'seribed,'^ but all excejit two are ])robabl_v mixtures. These 

^ rend., 1.908, OTT). 

“ Xitson, JUill. iSoc. chiui., .1875, \ '2\, 23, 108. 

( Amcron and ManAllan, J^roc. Roy. Roc , 1880, 46 , 1.8. 

Hrnikl, Monul.'^h.., 1025, 45 , 471. 

M(.)nknnu'Vcr, Zeifseh. (nior(j. Choi'i., 1005, 46, 4 1.5; Pclabon, An/}. Cfn/n. Rliijn., 
1000, 17, 52b; ‘Aniadon, A/h R. Arcad. Linno, 1018, 1, 1.81 ; (RizzAf<t. 1018, 48, 11, 42; 

lAido, SVn. Rip. Toindrn Imp. (Ai/r., 1025, 14,470; 1027, 16, 201. Sec also I n lrniot>i/i/ol 

('ri(iciil d'dhJis, 102s, 4, 28. 

*' (knitli, Anur. d. Nr/., I SFlS, ] 2 j, 45, 000. 

■ lUr/.dius, '■ /.rhrhitrfir IS20. « Bn-.as, ./. Chi-m. Nor., 1020, 132, 21.2. 

■' \a)\\c, J. ],riilrt. Chem., 1850, 67, 288, 40.5: Pearson, Rkd. M/uj., 1850, [4|, ii, 204; 
/Muir, ./. (Jhf/n. S/m:., 1870, 30, 15; 1877, 31, 24; Selnnid, In/ki/j. J.hSMcrUtiion EjUi/irjeii, 
1801. See also Briggs, loc. cit. 
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t-AVo compounds may be obtained by the action of chromic acid upon 
bismuth tiloxide. If the concentration of the acid exceeds 7*8 moles 
per litre the substance Bi203.lCr03 is obtained as a stable salt ; if 
the concentration falls beloAv that figure, this salt is hydrolysed and 
the substance Bi203.2Cr03 is obtained A The former is an orange- 
scarlet powder and is perhaps a mixed dichromate and chromate, 
Bi2Cr207(Cr04)2 ; the latter is a basic salt, and is obtained as an orange- 
yellow pow'der. It may also be prepared by the action of potassium 
chromate or dichromate on a nearly neutral solution of bismuth nitrate.'^ 

Several double chromates with alkali compounds have also been 
described^ 

Bismuth x\xd Molybdenum, Etc. 

Bismuth compounds react Avith molybdates, phosphomolybdates 
and tungstates to form insoluble substances.^ 

Bismuth .and Nitrogen. 

Bismuth Nitride, BiN. — When potassamide is added to a solution 
of bismuth tribromide or triiodide in liquid ammonia, a dark broAvn 
preciiDitate of bismuth nitride, BiN, is formed ; it is very unstable, 
decomposing explosively Avhen acted on by AA'ater, or Avhen heated.^ It 
has been used as a nitriding agent.® 

Bismuthyl Nitrite, or Basic Bisimdh Nitrite, 2 Bi 0 N 02 .H 20 , is 
obtained as a yelloAvish-AAHite precipitate AAdien sodium nitrite is added 
to an aqueous solution of normal bismuth nitrate and mannitol. The 
anhydrous salt can be obtained by drying over sulphuric acid in a 
vacuum desiccator.’^ The salt decomposes aaEcu heated above 60 ° C., 
with evolution of nitrogen tetroxide. 

Although attempts to prepare pure normal bismuth nitrite have not 
proved successful, a number of complex nitrites, or bismuthinitrites, 
have been obtained.® They may be prepared by precipitation from a 
strong solution of alkali nitrite by bismuth nitrate or a mixture of the 
nitrates of a third metal and bismuth. Tavo groups of salts have been 
prepared, the simple bismuthinitrites, for AA'hich the general formula is 
M3Bi(N02)e, and the mixed bismuthiiiitrites, having a general formula 
M2M'Bi(NO2)0, wdierc M represents ammonium, potassium, rubidium, 
caesium or thallium, and M' represents one of the three metals lithium, 
sodium or silA’cr. All possible compounds of the first type, except that 
of ammonium, have been obtained, as also liaAm all possible comjiounds 
of the second type. All the salts are highly crystalline, the simple type 
forming orange or yellow hexagonal plates, but the mixed type ]iale 
yelloAA' to red crystals, probably octahedral. The simple bismuthinitrites 
of cicsium and thallium differ somewhat in constitution from the normal 
type, the cccsium compound, Cs3Bi(N02)6.Bi(N02)3, containing an 
additional molecule of bismuth nitrite, Avhile that of thalliurri, 

^ Cox, 7jfiiscli. anorg. Chern., 1906, 50 , 226, 

- rvhiir, loc. clt. 

^ Soo this Senes, Vh)l. VU, l^lrt HI, p. tS. 

■' Caspar V Araal, Ann. Chin). apjjL, 1929, ii, 97. For the molybclaios, 1 uiiystaros 
aral uranates of bismuth, see. this Series, \'ol. V'll, Part; HI, p]). 1-10, 210, hOS. 
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Tl3Bi(X02)6.TlN02.H20, contains an additional molecule of thallous 
nitrite.^ All compounds that have been prepared are readily hydrolysed 
by water ; the simple bismuthinit rites are generally less stable and more 
soluble than the mixed salts. Attempts to prepare compounds con- 
taining two metals of the M group, or two of the M' group, have proved 
unsuccessful ; so also have attemjDts to prej^are salts of the type 
M'3Bi(X02)6, thus, sodium bismuthinitrite has not been obtained in the 
solid form, but is pi'obably j)roduced in solution when bismuth nitrate 
is added to a solution of sodium nitrite. The reagent prepared in 
this wa}" has been suggested for use in the detection and separation of 
rubidium and caesium, while the solution obtained by adding the nitrates 
of bismuth and caisium to a solution of potassium nitrite has been used 
for the estimation of sodium, owing to the formation of sodium cce.sium 
his 77 iutJiinitrite, Avhich is soluble onh^ with difficulty. This substance, 
however, appears to var}^ in composition according to the method of 
preparation. 2 

In addition, a number of bismuthinitrites containing nickel have 
been prepared by the addition of a salt of any of the metals of the 
M group to a solution containing nickel nitrate, bismuth nitrate, and 
sodium or lithium nitrite.^ The composition of these compounds has 
not in all cases been definitely established. 

By the addition of a saturated solution of bismuth nitrate, in vary- 
ing proportions, to a saturated solution of sodium cobaltinitrite, three 
distinct I)is 77 iuth oxycohedtinitrites, or hismuthyl cohaltmitrites, have been 
obtained,^ ranging in colour from brick-red to yellow and having the 
compositions (BiO)3Co(X02)6, (I^iOj3Co(X02)5, and (BiO)3Co(N02)4, 
respectively. These compounds are all very hygroscopic. They arc 
decomposed by water on standing, arc readily decomposed by acids with 
evolution oi‘ nitrogen peroxide, and by solutions of sodium and ammon- 
ium hydroxides. They are insoluble in ether and only slightly soluble 
in alcohol. The following co-ordination formuhn have becii suggested : 
[Co(X 02 )e] 3 BiO, [Co(X02)5(BiO)]2BiO, and [Co(N02)4(Bi0)o]Bi0. 

Normal Bismuth Nitrate, Bi(X03)3.5H20, is obtained by dis- 
solving powdered bismuth in nitric acid ; on crystallising from solution, 
large, prismatic, triclinic crystals having the elements 

a : h : c = 0-8053 : I : 0-6172 ; a = 90° 4' ; ^ = 104° 26' ; y =79° 6' 

arc formed,'^’ being isomorphous Avith tliosc of the corresponding but 
labile jutrates of the rare earth metals neodymium and ]n'aseodymium.^ 
Its density is 2-7 to 2 - 8 .”^ On ex]AOsurc to dry air at the ordinary tem- 
perature tJic nitrate disintegrates and is graduall}'’ converted into a basic 
mtrate.® It cannot be dehydrated completely by phosphorus pent- 
oxide, as dccom]:)Osition sets in.^ The action of heat on the normal salt 
is cxti'cmcly complex, and the results obtained by different investigators 

^ Ball and Abram, J. Clicni. Soc , 11)13, 103 , 2110. 

- Ball, J. Chevi. Soc., 1909, 95 , 2120; 1910, 97 , 140S. 

Ball and Abram, loc. ciL, p. 21 20. 

Og'burn, J. A'hk}. CIk m. Xor., 192.3, 45 , 0-11. 

Bamirudslx'ra, 1 1 (rii(U)iir.h, I SSI, 1, .300. 

^ Bodnia, n, JA r., IS9S, 31 , 12.37: ((norr}. Chirn., 1901, 27 , 2r>-i ; Urbain and 

Laconibc, J. Chini. 'phi/.'f., 1900, 4 , 10.7; Id-itnid, J . Olu-ni. Soc., ]9.3;7, 138 , 824, 14.31. 

‘ Jdayfair-and .Joule, Chc}ii. 8 'or., 1845, 2 , 401; Clarice, Amfr. J. Aci., 1877, 

[31, 14 , 2^81 . 

Bnge, J . 'pra/ci. Chem.., 1805, 96 , 1 17. 

•* Bicon, JhiU. Soc. cliim., 192.5, 37 , 1365; Compt. rend., 1925, 181 , 51G. 
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are conflicting’.^ Rutten - observed that at 72° C. a little liquid is 
formed, but tliat maintaining the mass at that temperature does not 
produce more liquid. The remaining crystals, freed from liquid, melt 
at 75'o° C., giving basic salt and liquid. The trioxide results at 425 "" C.'*^ 
Eai’Iier ^corkers, however, stated that the anliydrous oxide was formed 
at as low' a temperature as 260° C. The first product of decomposition 
a23pears to be the basic nitrate, 2Bi0X03.IIo0, but several other pro- 
ducts have been reported. 

Bismuth nitrate is soluble in w'ater, but excess of w’-ater must be 
avoided ; the solution, wHieh is acid in coiisequence of hydrolysis, 
rapidly decomposes ^ with the formation of oxynitrate, BiOXb3. 
soluble in nitric acid, and the refractive pow'cr of the solution has been 
studied.^ It is insoluble in anhydrous hydrofluoric aeid,^ but readily 
soluble in an aqueous solution of mannitol,^ forming a clear solution 
wdrich probably contains complex compounds.® This solution may ho 
employed for the preparation of many bismuth salts. 

The .sesquihydrate, 2Bi(X03)3.6H2b, is obtained by treating Bi^O.^ or 
the normal pentahydrated salt with fuming nitric acid. It is very 
deliquescent.^ A dihydrate, Bi(X03)3.2Tl20, has also been prepared. 

Many double nitrates have been obtained of the type 3M(X"03)2. 
2Bi(X03)3.24Ho0, in wHich M represents magnesium, zinc, nickel, 
cobalt or manganese. They are })reparcd by dissolving the sinqdc 
nitrates in the smallest quantity of hot, fairly concentrated nitric acid, 
and allowing the solution to crystallise. These double salts arc iso- 
morphous with the similar double nitrates obtained by substituting 
metals of the rare earths for bismuth. They arc all decomposed by 
wmter. M agnesium bismuth nitrate, Mg3Bi2(X03)i2.-I^^2^^j colourless ; 
its density is 2*62, and it melts with decomposition at 71° C. Zme 
bismuth nitrate, Zn3Bi2(X03)j2.24ll20, is colourless; its density is 
2*75, and it melts w'ith dccom[)Osition at 67-5^ Ci Nickel bismuth nitrate, 
Ni3Bi2(X03)i2*--in20, is green ; its density is 2-51, and it melts w'ithout 
dccom])Osition at GO"" C. Cohalt bismuth 7iilrate, Ck)3Bi 0(^03)12.2 flLO, 
is orange-red ; its density is 2-48, and it melts without de(;omposition at 
58° C. Mauganese bismuth nitrate, Mn3lh.2(X()3),2.2 MRO, is ])ale red; 
its densitv is 2-42, and it inelts without dccom])ositioii at 1-8° to l\° (:. 
In addition, mercury bismuth 7iitrate, lIg3Bi2(X03) io.24lI ^O, has been 
obtained it forms solid solutions with magnesium bismuth nilral;c 
containing u]) to 25 ]mr cent, of the mercury salt. Magnesium bismuth 
nitrate has been em])loyed for the snparaiion of the metals of the rare 
earths. 

From an examination of tlie behaviour ot normal bismuth nitrate, 

1 Berzi'lius, Gilb(-rt''s A’nnah-.n., 1812, 40 , 28(1; (Uadst otu', prfiti. CUk-ui., 18:15, 44 , 
179; Graham, Avnaltu, 1839, 29 , 10; Vvon, H'.nupt. rnuL, 1877, 84 , Util ; llito, Arn'atna 
and JMatsiii, J. Soo. CJu-ni. Jnd., Japan, 1932, 35 , 195. Bor nioix' cornjjlctc l)ihli(ji,n-a])hy 
and disciLs.sion, iicc Picon, loc. cit. 

- Pvuticii, naorry. 67icm.., 1902, 30 , 342. Picon, /or At. 

Groiivcllc, Aim. Chirn. Phyn., 1821, [2], 19 , 111; Dnflos, Srtnrra/ijcpn J., 1833, 68 , 
10; Antoni and Gicli, (razzfUa, 1898, 28 , 248. 

Baden- Ih)\vcll, P<>[J<}. AniiaU-n, 184(), 69 , IIU; I )il sclK'incr, Silzuiiijstur. K. Ahad. 
nd’xN. Wirn, 18()4, 49 , :12(). 

'' Ih'cdmihaac'ii and (Auhmhac.h, Zcilsch. phynil-a/. Clun/., 1930, A 146 , 215. 

" \h'iriin(') and ilartl, Zci/nrJi. aiiory. ('In m., 1901, 28 , 2ul. 

^ j)(! Cdirli, An)}. (Jhi//i. appi ir(ifa, 1931, 21 , 172. 

Rutten, /or. fit. Ih'bain and Pacoinlx', ('ninjit rruJ., 1903, 137 , 508. 
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and of compounds of this salt with certain sugars and other organic 
substances/ it has been suggested that the eo-ordination formula 
should be 

-j^j(IC 0 )pX 03 .IU 0 
_ ^'0, IXO3.H.2O 

From a solution of bismuth nitrate in aqueous ammonium nitrate 
there is obtained by crystallisation a double com])ound whieli may be 
represented bv 

q.(xn,xo3)3ixo3 

L NO3 JXO3 


Basic Bismuth Nitrate. — Tlic earliest investigators were well 
aware that bismuth nitrate is decomposed by water ; indeed a cosmetic 
known as “Spanish White” was prepared in tliis way.- Many sub- 
staiices have bcaei described as residting from the hydrolysis of bismuth 
nitrate, but tlicre can be little doubt that man\' of these are mixtures. 
The composition of the ])roduet obtained depends u])on a number of 
factors, sucli as tlic quantity and temperature of tlie water cm])loyed, 
the time that the ])rceipitat.ed substance stands in contact witli the 
liquid, the process of washing, etc.'*^ 

The system Bi20.>-No05-Il20 has been s^estematically in- 
vestigated,^ and the various compounds produced by hydrolysis have 
been examined by analysis and by titri metric measurements, and from 
the results co-ordination formuhe liave been given.’’' The first product 
obtained by the action of cold water, or very dilute nitric; acid, upon 
normal hydrated bismutli nitrate is the eompound BioOo.NoO^.^iHoO, 
or BiONOo.rioO, which forms very thin crystalline ■i)lates showing 
double refraction. When this body is treated with a little warm water, 
or when it is allownd to stand in contact \\'ith licjuid containing not 
more than six ]:>er cent, ol* nitroge]i pentoxide, monoclinic crn^stals ol‘ 
the basic salt BioO^.NoO.TIoO or | BiO(NO/.Bi(On);|XO, are' formed. 
This com])ound may also be obtained in the (‘orm ol' thin hexagonal 
]:)risms by the ac;tion of heat u])on the hydrated normal nitrate, ^vhic■h 
decomposers at about 72~' C’. Its solubility in water I'alls with rise of 
tem])crature. Wdien the compound BiONO.j.IUO is allorvcrl to siaudin 
contact with ^'ery dilute solution, or when the normal nitrate is (icconi- 
posed by a, large excess of water, i-hcjmbic cryslals of a com])lcm compound 


(iBi,,0.j.5X, 03.0(8)11,0 or I '’*'2C(0lnn^'03 .2r]^i^o(OII),X03iTk* 


arc obtained. The same compound is obtained in tlic (“orm of licxagonal 
])lates when the basic compound .Bio0;j.No05.no0 is acted u])on by excess 
of warm water. The final ])roduct obtained by hydi-olysis, using boiling 


1 Hepner and Likicniik, Aixli. Pliarni., 1()2G, 264, 4G. 

- Kopp, G('schic}hf(-. (Lpxr CViemie'' (BraiinscluvoiLr, 1847), Vot IT, p. 110. 

charnel hall t , J. IGianti.. PePfC., 1929, ii, 21; Jler])er<i,er, ll(.p(.r(oriiiiii fiir dir- P/iar- 
-nidcir, 1830, 55 , 289, oOli; Idlpo'en, fP-rzdins Jfihrr. -<!/<)• /iddr, 1 SI)!), 17 , 109; .Diifio.-, Arch. 
Pharin., 18-10, [ 2 j, 23 , 307; i leinlz, J. pnili. JS-IS, 45 , 102; ( dad.stonc', dlrnioijc-s 

Cho/i. S(jC., j 8 -i o— 1 S-1 7, 3 , -ISO; J. pruhL (Aii-iti., 18-18, 44 , 179; Ikadcei’, .1 ;tA. Phn.rm., 
18-18, [2'!, 55 , 1, 129; ISVI, I2|, 79, 1; .laiissen, Arrk, Phunu , I 8.7 ! , [21, 68 , 1, 129, Diilk, 
l\rp(-fL()riiriiifiirdif.Ph<irii/dri(’, I 8 1-1 , j 2 j, 33 , 1; Ianlde(;ke, .-I /a/A// , 1 SOvO, 140, 227 ; Dil.ic, 
Prynipf. rr//d., 187-1-, 79, OoG; l\ou.sseaii and the, raid.. 1892, I15, 17 1; Yvaai, 

JyiilL Poc. rhn/L, 1877, f, 4-91. 

van Ihnninelen and KuLien, ./'roe. I\. AL'iid. Wr.laidr//.. .-I i/irl/rda m . 1900, 3, 190; 
Piitten, Zadiich. (Di.org. 67/,c//i., 1902, 30, 3-12. See al.-so l)iti.(‘, Bcr.. 1874, 7, 1(341; Allan, 
J. Amcr. Chon. Aoc., 1903, 25, 307. Jtepner, Arch. Jdi.arni.., 192(>, 264, 75. 

VOL. VI. : V. 1 * 
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water, is 2BioOo.XoO5.noO or Bi0(X03).Bi0(0I-I), which forms 
hexagonal crystals. 

By preci]atation from solutions of bismuth nitrate with ammonium 
hydroxide, the basic nitrate (Bi203)o.Xo05.IToO is obtained.^ Similarly 
the basic iiitrates Bi203.Xo05 and 2Bi203.Xo05 arc obtained by the 
action of sodium acetate upon solutions of bismuth nitrate.^ 

F]’om measurements of electrical conductivity it has been shown that 
hydrolysis of bismuth nitrate occurs even in the presence o(:‘ excess of 



1 2. — -Solutilit y of Bisnuuh Xitfate 111 Vautous ( !onc('fi( cat mns of Xilita Acul. 

nitric acid ; from these measurements it is also deduced that the 
compound lb 0O3.N0O5. 21120 is not produced dirc'ctly, ])ut that an 
intermediate eomi)ound, which may ])(a'}ui])s be HiOIl (XO,;)^, is tormcal 
first. Tins compound docs not appear to ha.vx^ bc'cn isolated. 

Basic* })ismuth nitrate com])ines with certain sugars to form eoni- 
])ouiuts in wliieh the X^03 group is not ioniscal.'* 

In addition to tlie al)o^'c-mcntioned substanccss, two oilier basic 
c‘om))ounds have been obtained, .Bi203.2X’’205.2H oO and K)Bi2()3. 
f)Xo()5.7lIoO. Otlicr basic salts mcntionc'd in the liic'rature ^vould 
a])])('ar to lie mixtures."' 

In the following tables are given tlu* solubilif i(‘s ol‘ the basic and 
normal nitrates of bismuth at difreix'ut, tcnpx'rat ures in xarious con- 
c*entrations of nitric acid. "Flu* solubilities arc ('xprc-ssc'd as grains ot 
Bio03 and X0O5 rc\spc('t ixaly ])cr 100 grams orsoiuiion. 

' I lac.kspill and KitdTcr, An/!. ('/////i., 1 a.dO, [ lOj, 14 , 227. 

- K lia i inatida r_\'a n. J. /O/.-'.s'. /V/'//a ('hc'tii. XUa., I!)2S. 6o, I 177. 

■' (pia rl ai-()lli, (Aizzclhi, 43, i, 1)7. 

llapncM’ and Likiernik, Au'.li. lA/anii-., J 1 ) 2 ( 1 , 264, Ki. 
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SOLUBILITIES OF BASIC BISMUTH NITRATES. 


: ■ Solid Idiase. 1 Bi>0,. 

: 1 1 ' ' 

^oOo* 

1 

Authority. 1 

1 Grams. 

Grams. 


: 20 ; Bi.Oa.x.Oj.ir.o i.s-er 

12-50 

Riittcn, Zeltsch, anort^. 

i ; 14*85 

13-31 

Ckem., 1902, 30, 342. 

i 18-74 

15-90 


! : 23-50 * 

19-25 * 


27-15 

20-96 


i 28-11 

21-61 


29-50 

22-53 


30-19 

22-90 


31-48 

23-70 


25 Bi,03,No03.2HoO 0-063 

0-554 

Smith, J. Amer. Chem. 

0-335 

1-163 

Soc., 1923, 45, 360. 

1-126 

2-368 


2-23 

3-61 


3-49 

4-84 


5-03 

6-21 


65 BioO 3 .NoO 5 .IToO 5-55 

7-44 

Rutten, loc. cit. 

! - - - 

22-46 

\ 

\ 


* Mean of two separate experiments. 


SOLUBILITIES OF BISMUTH NITRATE PENTA- 
HYDRATE, Bi(N03)3.5HoO. 


u. 

XoOj. Authority, 

i 

Temp., 

“ C-. ■ 

BioO,. 

N 0 O 5 . 

Authority, i 

Grams, 

Grams, ' 


Grams. 

Grams. 


0 lo-ri 

27-11 r. and II.* 

30 

32-13 

27-15 

R. and H. : 

14-17 

30-03 


28-20 

29-60 

Rutten. 

, 8-57 

38-02 


17-50 

41-10 

F. and H. 

1 5-30 

47-17 


16-10 

47-70 

Rutten. 

: 5-92 

56-37 


18-18 

50-67 

F. and 11. 

1 

i 20 32-97 1 

24-85 t Ruttcji. 

50 

35-63 

30-76 

F. and 11. 

' 32-63 1 

24-65 t 


30-85 

35-06 

* 

32-24 

24-68 ' 


28-21 

40-00 


: 30-29 1 

25-22 1 


29-79 

43-60 


i 24-16 

28-25 





16-62 

35-40 1 

65 

37-82 

35-80 

Rutten. 

12-17 

43-37 





11-66 

46-62 





11-19 

40-79 Y 





15-20 

51-66 





20-76 

53-75 
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The results contained in this second ta,ble are shown diagraminatically 
in fig. 12 . 

SOLUBILITIES OF BISMUTH NITRATE SESQUI- 


HYDRATE, 2Bi(N03) g.SFIoO. 

(Rutten. ) 


At 20° C. 

EioOg . . . 

8*58 grams I 

4*05 grams 


n;o,, . . . 

68*28 „ 1 

74*90 ,, 

At 65° C. 

. . . 

4*59 „ 



x;o3 . . . 

77*90 ,, 

, ] 



The quadruple ]:>oints corresponding to tl\c ('ocxistencc in equi- 
librium of the phases Bio03.N203.H2C)“I^i(^^^:5)3-'^^'^2^^ ■S^l^dioii- 
Vapoiir, at various temj^eraturcs, are as follows ; 


BASIC QUADRUPLE POINTS. 


Point in 

Fig. 12. 

Temp., 

" C. 

Bi.T),. 


Aulhoi'ity. 

A 

0 

Grams. 

80*8 

Gram.s. 

22*8 

Friend and Ilall. 

B 

9 

81*1 

28*85 

Rutten. 

C 

20 

82*97 

24*85 

•5 

D 

80 ' 

84*2 

26*5 

1 rr 

E 

50 1 

86*9 

28*9 


E ' 

50 

87*7 

29*0 

1 Friend and Hall. . 

F ^ 

65 

40*8 

81*6 

i Rutten. 


These ]7oints appear to be Jairly well established, soinc^ of tluan having been 
obtained by extrapolation from a ('•onsiderable mindxa' of solnbili Iv data. 

The following (]uadru])le ])oints are gi\'en liy UuUen and eoi'respond 
to the coexistenee in equilibrinm of the following ])hases : 

5lUO-2Bi (N 03 ) 3 .‘ 3 ir 20 -Sohition Ahi|)oui-. These point s are open to 
criticism, in that the data, from which they wca’c? (k“ri\a;d a])])ear 
somewhat scanty. For this reason the eurxa's eonneeting Ridteifs 
data in these regions arc shown as broken lines in hg. 12. 

ACID QUADRUPLE POINTS. 

(Rutten, loc. cit.) 
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Tlie conditions of equilibria above 65° C. are very uncertain, for the 
(liliydrate, Bi(NO.,)^.2iroO, apjK^ars, and tlic exporiinental difliculties 
arc* considerable. 

Bisml:tii; and Pilosfilorls. 

Bismuth Phosphide. ^ — -Xo definite eoiupound of bismuth and 
jdiospliorus ap])ears to have been obtained in a pure condition. It has 
been sugocstcd that a small quantity of the monophosphide, BiP, may 
be formed when the two elements are melted together,^ and that this is 
also formed as a black substance when dry phosphine acts upon bismuth 
trichloride,^ or when ])hosphinc is passed into a solution of bismuth 
niti*ate.‘^ It is completely decomposed when heated. 

Bismuth Hypophosphite, ^(PIoPOo)^.!!^^), is obtained as a 
white erystallinc ]Dowder by the action of ])otassium or barium Inqm- 
phos]dhtc upon a solution of bismuth nitrate.'^ It is decomposed very 
readily by heat, phos])hinc being evolved at temperatures a little above 
100° C. At liigher temperatures some metallic bismutii is formed, and 
the reaction may possibly be rej^resented ])y the ecpiation 

3Bi(II.,POo)3 = 2Bi -f^Bi(PO,)3 -t 6P -f OlIoO 

It is also readily decomposed by water. ^ 

The use of bismuth hypophospliitc in conjunction with hydrogen 
])croxidc has been sug'gcsted for the cpiantitative separation of bismuth 
from other metals.^' 

A basic hypophosphite, BiO.ITgPOo, has also been described as 
resulting from the action of bismutliyl hydroxide, BiO.OII, u]:>on 
hy]m]diosphorous acid.'^ It also is unstable and appears to resemble 
closely the normal hy]) 0 ])hosphite. 

Bismuth Phosphite, Bio(I-IP 03 ) 3 . 8 lToO, is ju’ecipitated from a 
solution of aiumonium ])liosphitc by the addition of bismuth trichloride, 
by neutralising pliosplmrous acid with bismuth trioxide or Igvdroxidc,® 
or by the ac'tion of phos])liorous acid upon an acjucous solution of 
l^isimith niti'ate and mannitol.^ The white nccdle-like crystals arc only 
slightly solul3lc in water. 

Bismuth Orthophosphate. — Tlie normal salt only, BiPO,^, is 
obtained by the addition oi’ disodi\im phosphate to a nitric acid solution 
of bismuth nitrate. Acid salts do not a])pcar to have been prepared. 
The microsco])ic, nionoclinic ])risms of the noi-mal salt have a density 
of 6-323 at 1 5° C. The substance is slightly soluble iii bismuth trichloride, 
and from molecular weight determinations in this solvent the formula 
ap]3cars to l)c BiPO,pi“ It is reduced by heating in a current oi‘ hydrogen 
but not by cai-bon monoxide. It is not hydrolysed by water, even after 

^ .Marx, Schire'Kjdvr's J., ] S30, 58, •■171. - Cavazzi, Cazzollrt, 1884, 14, 2,19. 

^ Berzelius, '' LcJirbucJi,’’'' ]826; Lanclgrcbc, Schu'cirj'.jcrs J., 1828, 53, -KjO. 

Ha (la, J. Chem. Xea., 189"), 67, 229; Vaiiino and Itartl, ZtiUch. anunj. Chou., 1900, 

[2] , 74, 142. 

Caleagno, Concrna luCl. (Buenos Aires), 1928, 35, 1012. 

^ V'ainiio, Bor., 1897, 30, 2()01: Vanino and Trcubcrl, Jitr., 1898, 31, 129. 

' Caleagno, CjC. clI. 

^ Gruizner, Arch. JAi-arni., 1897, 235, 093. 

^ Vanino and llarll, J. jn'dLt, Chan,, 1900, [2], 74 , 142. Bee also Caksagiio, loc. at. 

Clianeel, Compl. raid., 18G0, 50, 410; 51, 882; do Beludlcn, Bull. Boc. chuu., 1903, 

[3] , 29, 720; Caleagno, AmuiUis ojiana quhn.. prouin.ciu (Buenos Aires), 1928, 2, 1. 

“ Montenuirtini and Egidi, Ccizzelia, 1900, 30 , H, 377, 421. 

Cavcui and Hill, J. Boc. Chtm. Ind., 1897, 16, 29; Buglieiinei', A/i.nulai, lOOd, 339, 
349. Heintz, Fogg. Annulai, 1844, 63, oOT. 
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prolonged boilingA A trihydrate, BiP04.3lT20, has been prepared,^ and 
also a \vhite, insoliddc basic salt, 2BiP04.3Bio03.’‘^ Investigation of tlic 
solubility oi‘ bismuth ort }] 0 ])]io.S])Iiatc in Inulroehloric acid at 25^^ 
indicated tliat it was conditioned by the concentration of the cliloj’ide ion 
and ot‘ the hydrog'cii ion, but was indcj^endcnt ol' the concentration of 
phosphoric acid. It is suggested that the main reaction winch occurs 
on solution may be represented by 

BiPO^ -rSHCl =H[BiCl3.HoPOJ 

It has been stated that pyrophosphate and metaphospliate of biU 
ninth cannot be prcjiared in tlic wet way owing to their rapid conversion 
into orthojiliosjihate by the action of wmter.^ 

Bismuth Pyrophosphate, Bi 4 (P 207 ) 3 , has, how'cver, been prepared 
by the action of bismuth trioxide on molten mici'ocosmie salt.^ It is a 
Aviiite, amorjihous powxlcr, almost insoluble in wnter but decomposed by it. 
A complex salt, sodium ^z.S'm^^/M2J)^?YjpA<5s7i//<7/^gXa(Bip207).3ll20,has been 
prepared by dissolving bismuth pyrophosphate in sodium pyro])hosphatc. 
In this compound the bismuth appears to form part of the anion." 

Bismuth Thiophosphate is formed by the action of phosphorus 
pentasulphide on bismuth trichloride.® It is a reddish-brow'u or black 
substance wdiich is rcadity fusible without apparent decomposition and 
can be crystallised from the melt. It is not readily soluble in the usual 
soh'ents. It is decomposed by dilute liydroehlorie acid with evolution 
of hydrogen sulphide ; it is first oxidised and then dissolved by nitiU; 
acid. It is not attacked by solutions of alkalies. 

A very unstable substance, which maybe bismuth dithiophosphate, 
BiPS20o, is obtained b\^ the action of magnesium dithiojiliosphale 
upon a bismuth salt. It is, how'ever, readily decomposed even in iee-eold 
wmter and in alcohol.^ 

Bismuth and Aksexic. 

Bismuth Arsenide may be obtained by passing arsine through 
a solution of bismuth tj’ichloride containing a minimum quantity of 
hydrochloric acid.^^’ It is a black substance, unattacked by wniler, 
dilute acids or alkalis, but decomposed by eojieentrated liydroehlorie 
acid with formation of arsine. It is an active reducing agent. 

Bismuth Arsenite. — When aj’senious acid acts upon a solution of 
sodium bismuth chloride, a w'hite jirecipitatc is formccl, wliicU is stated 
to be bismuth arsenite, BiAs03.5H20. Tiie sidistance has not been 
obtained jiure.^i 

Bismuth Arsenate ])robably occurs naturally in tlie minerals 
atelestite, rhagite, ii:alpurgiie and inixite. It may be obtained as a wlute 
crystalline substance by the action of arsenic acid or alkali arseiuite 
upon a nitric acid solution of bismuth nitrate.^- The hemihydrede, 

^ Caven and Hill, loc. ciL See, however, MoiiLemarlini and Jleidi, loc. cit. 

“ Vanino and liartl, loc. cit. ^ Cavazzi, OfizzeJla, 18S1, 14, 281). 

Jensen, Zeilsch. a/t,org. Cheni., 1934, 219, 238. 

^ Moniemartini and Egi^^b 

^ IVallroth, .Bull. Soc. rtnui., 1883, [2], 39, 3.1(5. 

" liosenhenn and Triaiitaphvllidcs, Btr., 1915, 48, 582. 
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BiAsO^.-J-IIoO, whicli loses water only when heated strongly, forms 
mieroscopic nionoelinic; ])risms, density (at 15^ C.) 7-1 P2 ; it is tasteless 
and melts only witli didieiilty. A basic arsenate, ‘iHiAsO^.^lBi 
lias also been prepared by the action of sodium arsenate n])on an 
ammoniaeal solntioji ol* bisnuitli citrate.^ It Jorms a gelatinous ])re- 
cipitate, which resembles the corresponding ])hosphatc in its chemical 
properties. 

Bismuth and Antimony. 

No binary compound of bismuth and antimony has as yet been 
obtained : the two metals form a continuous scries of solid solutions.^ 

Two antimonates of bismuth have been jorepared by the addition 
of a concentrated solution of potassium meta-antimonatc to a solution of 
bismuth anmionium citrate.^ The first, which is varioush^ described as 
bismuth oxymeta-antimonate, (Bi0)Sb03, or bismuth orthoanti- 
monate, BiSbO^, is ol^taincd as an amorphous white precipitate ; while, 
in the ]U'esencc of excess of ammonia, a basic orthoantimonate, 
(2BiO)3SbO^.HoO, is obtained as a gelatinous j^rccipitatc. The com- 
position of the latter docs not appear to have been definitely ascertained.'^ 

Bjs-MUTh and Cakhon. 

Cai'bon will not dissolve in bismuth.*^ 

Bismuth Carbonate. — The normal salt is unknown ; a hdsic 
carbonate, (Bi0)2C03, is ])reeipitatcd, however, as a white powder when 
sodium carbonate is added to a solution of bismuth nitrate.^' AVhen 
dried it retains from one-hair to one molecule oT water. The density 
of the ])roduct varies with the concentration and temperature of the 
solutions ; the product of lowest density ' is obtained at 4-5" C. The 
basic carbonate may also be ])reparcd iVom a solution of bismuth nitrate 
containing mannitol. An electrolytic method has also been descaibed.® 
The elcclrolytc is a d per cent, solution of sodium chlorate c.hargcd with 
excess of cai-bon dioxide ; the anode is oi‘ bismuth and the cathode of 
carbon, zinc, ij'on or aluminium. 

It has been suggested that the com])osition of basic bismuth car- 
bonate is in most cases more accuratclv rej)resentcd by the formula 
CO(O.BiO),. 

It is insoluble in water even in the presenc:c of carbon dioxide ; it 
is also insoluble in alkalis, but is slightly soluble in alkali carbonates. 
From these solutions it may be rej).reei])itated cither by boiling, or by 
the addition of an alkali. It dai’kens in colour on exposure to light. 

It is used ])riiicij)ally in niedicunal preparations. 

JUasie bismuth carbonate occurs naturally in the minerals bismiititc, 
basohisrnutite and bisniiitos'piuie.rUe. 

Cyanides. — When. ]}otassium cyanide is added to a solution of 

^ Cavazzi, Cazzrtla, J884, 14, 281). 

- Huttner and Tainuiaiin, anorrj. UJiir), 44, 131. Sec al.so pp. -12, ]r)2. 

^ Cavazzi, Cazzelta, 1885, 15, 37. 

See al.so Hanipo, Zc./.Lsch. anal. Chc/n., 187-1, 13, 192. 

Moissan, Conipt. rand., 189(3, 122, 1462. 

Seubert and Idton, Zc.ityck. a/iory. CIk-hi., 1893, 4, 44; Lefort, Coni'pl. rend., 1848, 
27, 2(38. Sco al.so Jbeon, Ball. Idoc. chun.., 1929, 45, 105G ; Slickings and Coupland, Chcnu^t 
and Drurjfjist, 1928, 108, 695. Jones, Jdhar//i. J., 1925, 115, 143. 

^ Cairreras, British Fate.rU, 1927, 298587. 

•' Vdinino, Fharin. Zevl-r.-h., 1911, 52, 761. 

Tapley and Giesy, J. A-iutr. Fharm. Assoc., 1926, 15, 46. 
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bismuth nitrate a browir precipitate is obtained, the composition of 
^v]hc]l is doubtful. Early investigators considered it to be an oxide, 
probably a ]X‘roxid(‘, of bismuth,^ but it was found to eon fain sulj)liur, 
which may haA'c been due to impurities in the ])otassiuin cyanide. “ 

By triturating calculated amounts of bismutb bromide and potassium 
cyanide with small quantities of xylene a reaetio]! occurs from which 
a coiTq)lex salt, 'potassium bmntdhohromo cyanide, K 3 [BiBr 3 (CN) 3 ], is 
obtained. This compound is decomposed by cold water, but is soluble 
in dilute Inxlrochloric acid, the solution however decomposing rapidly. 
When lieated out of contact with air, potassium bromide and metallic 
bismuth are obtained. In a similar manner other complex salts have 
been obtained, such as the orange-yellow silver salt, Ag 3 [BiBr 3 (CN) 3 ], 
the greenish-grey cuprous salt, (Ti 3 [BiBr 3 (CN) 3 ], and a 77iercury salt, 
IIg 3 lJBiBr 3 (CN) 3 ] 2 , which is at first sulphur-yellow, but changes to white 
prismatic needles. These salts are all decomposed by water. ^ 

Other complex cyanides that have been obtained are hismiiili 
ferrocyanide, Bi 4 [Fe(CN) 6 ] 3 , which is formed by precipitation with 
potassium ferrocyanide ; ^ bisniiith ferricyanide,^ hismuth cobalticyanide, 
BiCo(CN)Q.5ll20, a greenish-white crystalline substance Avhich turns 
blue on drying, and when dried over suliDhuric acid has the formula 
2BiCo(CN)e.7HoO.^ 

Bismuth Thiocyanate, Bi(CXS) 3 , is obtained when thiocyanic 
acid is neutralised with bismuth hydroxide.’^ It is possible that a basic 
compound is also obtaiiied.^ Dilute thioeyanie acid solution must be 
used ; basic substances are probably formed first, but on cooling, briglit 
orange or ainber-eoloured rhombic ciystals of normal bismuth thio- 
cyanate separate, having the elements 

a:h: e = 0-70134 : 1 : 0-28423 

The crystals are decojnj^oscd by water, and on heating. The hydrate 
Bi(CXS)3.14H20 is obtained in the form of deep-red ti'ansparcnt 
needles by the action of excess of thiocyanic acid upon bismuth carbon- 
ate ; Avhen the acid is saturated with bismuth carbonate, basic bismuth 
thiocyanate, Bi(CNS)20IT.5H20, separates in glistening ])latcs on 
addition of alcohol.'^ 

Bismuth Chromothiocyanate, Bi[Cr(CNS) 3 ], has also been 
described. 

AVhen a solution of potassium thiocyanate is added to a solution 
of bismuth thioeyauatc, an orangc-red coloration, is obtained ; various 
considerations have led to the view that solutions of bismuth tliio- 
cyanatc i]i thiocyanic acid contain bismuthotJiiocya^iic acids. It is 
suggested that in eoueentrated solutions an acid of the formnla 

^ Fj'esej4us and tlaidlcii, 43, 135; Bodccker and .Deichmann, A/irdJc/i, 

18G2, 123, ()J ; Muir, tlolTineisier and Itobbs, J. Chem. Sue., 1881, 39, 25. 

- .Hoilmanii, A/uialcn, ISS-l, 223, 131. 

^ VAiirnazo.s, Com.])!., rend., 192J, 172, 535. 

tVerner, Zcitach. anal. Chc.ni., 1919, 58, 23. 8cc also Atlerbeixs BidL Sue. chim., 
1875, [2], 24, 355; W'yruboll', Ann. Chun. Fftya., 187(), (5’{, 8, 448; Muir, J. Chtm. Sac., 
1877,31,051; 1877,32,40. 

^ Sec ilii.s Serie.-^, Vol. JA, lArl tl. 

Ibsclier and Cuntze, Chevi. Zcit., J902, 26, 872; Miller and MaUlicws, J. Amer. 

Sue., 1900 , 22, 02; Matihcw.s, J. An<cr. Ckcni. Sac., ]9()0, 22, 274. 

^ Jicndci', Jjtr., 1887, 20, 723. ® MeuzcndorlT, Pugg. Aniuden, 1842, 56, 03. 

^ llosenheim and V'ogcLsang, Ztd&ch. a'liorg. Chcni., 1906, 48, 205. 

Tsamados and Bouzuazou, Praldika {Akad. Aihenon), 1929, 4, 113. 
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H[Bi(CNS).J is obtained, while in dilute solutions the tribasic acid, 
Il3[Bi(CNS)(j], is formed; in view of this, the formula of lusmuth 
thiocyanate itselC may be regarded as Bi[Bi(CNS)(j]. In su})|)ort of this 
hypothesis, a number of conp^lex thioeyanates have been ]:)re])ared, 
which can be represented as salts of tribasic bismiithothiocyanic acid.^ 
By adding ])otassiuni thiocyanate to an aqueous solution of bismuth 
nitrate and mannitol, precipitating the mannitol and potassium nitrate 
by addition of alcohol, and crystallising from the hltratc, red, non- 
hygroscopic crystals of hismuthotkiocyanate, K3[Bi(CXS )e], 

are formed. Another potassium salt, K3Bi(CXS)e.3KCXS, has also 
been obtained. In a similar manner corresponding salts of sodium and 
cimynonium have been pre])ared, although not in a pure condition.- 
By adding thallium acetate to ])otassium bismuthothiocyanate in 
ap]:»ropriatc propoidions two complex salts of potassium and fJiallmm 
have been obtained, namely, the orange-yellow salt K.2TlBi(CXS)^, and 
the ])ale yellow salt KTl2Bi(CXS)c. Attempts to make the ])iire 
thallium salt failed.^ Among other salts of this type that have been 
obtained arc the zme salt Zn3[Bi(CXS)(5]2, as large, non-hygroscopic, 
orange-red crystals ; the cobalt salt, Co3[Bi(CXS )(j] 2 . 15 lT 205 reddish- 
brown crystals, the colour of this salt supporting the view that a com- 
plex bismuth anion is formed, since Bi2(Co(CX’S)^]3 would j^resumably 
be dark blue ; the nickel salt, Xi3[Bi(CXS)6]2.10l-l2O, greenish-yellow ; 
the vanadyl salt, (V0)3[Bi(CXS)6]2All20, a reddish-violet powder ; and 
the ferric salt, Fe[Bi(CXS)g], lustrous green crystals. The thallium salt 
of monobasic bismuthothiocyanie acid, Tl[Bi(CXS ).J, has also been 
formed as red crystals. 

Bismuth and Silicon. 

Bismuth Orthosilicate, 2Bi 203.3810.2, is found in nature in the 
minerals eulytite and agricolite, the former crystallising in the tetra- 
hedral system and the latter in the monoclinie. Thermal and micro- 
sco[)ical examination of mixtures of bismuth trioxidc and silica revealed 
the existence of several silicates which have since been syntliesiscd.^ 
These are ijidicatcd below. 


1 Formula. 

M.pt. C 0 .). 

Density ( 20 '^'' C.). ■ 

BioO.SSiOo 1 

092 

G-623 ; 

Bi., 03 . 3 Si 0 o 

8-17 

8 -ior 1 

Ui„Oi. 2 SiO., 

873 

8 -Go 7 


736 to 877 ■ 

8-984 

BCOptO., I 

772 to 890 1 

8-924 

: 3BioO,.2SiO., ! 

791 j 

8-388 

2BL>0,.Si0., i 

803 to 843 1 

9-138 

aBUO.j.SiO", ' 

822 

8-897 

: 10 Bi“O.j.SiO., ! 

832 1 

1 

9-13G ! 

i 


^ Pnciello and J'oa, Gazz/lta, 1023, 53, 726. 

“ Vanino and Hauser, ZeiUch. anorg. Chtni., 1901, 28, 219. 
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DktJ'Ctjox and Estimation ot B ism ltd. 

Detection. Dnf Tc^ts. — Bisniuili compoinicls, wiici) lioalcd on. a. 
ciiarcoal block, ai'c' reduced ; a brittle globule of uietalJie bisnuith is 
obtained, witli a \T'llo\r incrustation of bismuth trioxide. If tlic 
original eouipound Is mixed with powdered charcoal, potassium iodide 
and siil] 3 hur, and the mixture heated on a charcoal block, a seaidct 
incrustation is obtained. 

When a mixture of metals coiitaining bismuth is lieatcd in a hard 
class tube undci’ a hard vacuum, a characteristic ring is formed on the 
"tube indicating the presence of bismuth. ^ With a vacuum of 0*001 mm. 
the |)resence of 0*01 per cent, of bismuth can be detected b}" this metliod. 

Wet Tests. — Bismuth is usually identified in solution by prcci])itation 
as brown trisulphidc. The precipitation is effected by passing a eurrcTit 
o{‘ Jiydrogen sulphide through a warm solution acidified wdth hydro- 
elilorie acid. The precipitate is insoluble in yellow ammonium sulphide, 
but is soluble in hot, dilute nitric acid and in sul 2 )huric acid. The 
])j’esenee of bismuth may be confirmed by dissolving the prcci 2 )itatc^ of 
trisulphide in dilute nitric actid, repreeipitating tlic bismuth as hydroxide* 
with ammonium hydroxide, redissolving the hydroxide in dilute hydro- 
chloric acid, and allowing the clear solution of bismuth trieddoj-ide 
to dro].) slowly into excess of wuter. A copious white 2 )reci 2 )ital-c of 
bismuth oxychloride is obtained by hydrolysis. 

Bismuth compounds are readily reduced by reducing agents such a.s 
formaldehyde in alkaline solutioji, hypophosphorous acid, or sodium oi* 
potassium stannite. In each case a black stain or residue is o])biin(*d, 
by means of which the presence of bismuth may be determined. 

Potassium iodide reacts with solutions of bismutli salts to form black 
bismuth triiodidc, which readily dissolves in excess oi‘ tiic j’cagmit to 
form a yellow or orange solution which probably contains potassium 
iodobismuthatc. This reaction may be employed as a s[)ot test Ibi* (lu^ 
detection of traces of bismuth in the presence of coj)per, Ica.d and 
cadmium.- 

An electrolytic method has been suggested for the detection of bis- 
muth in slags. A piece of the slag is connected to the positives ])ol(^ of a, 
battery and an aluminium plate to the negative ])ole. 11’ a, liUxu* j)a.pcr, 
saturated with a solution of potassium iodide, is ^n’csscd betw(‘c*n (lu* 
slag and the aluminium jilatc, the presence of bismuth is indicated by 
the formation ol a reddish-yellow coloration on the filtei* pa])cr.'^ 

Bismuth may be detected in gold alloys ])y emploving the* strc*ak 
test. The streak is dissolved in aqua regia, the metals arc'"j)recipi ( at (*(1 
as sulphides by hydrogen sulphide, the sulphide j)rccipitatc*s arc dbresi (*({ 
with yellow ammonium sulphide and finally dissolved in niti'ic^ acid. 
The presence of bismuth is detected by adding to a minute drop ol’ iJiis 
solution a drop of solution of potassium sulphate, when tin* doubli* 
sulphate ot bismuth and potassium is |,)rccipitatcd.^ 

rvlany organic reagents have been employed for tlic dcTeclion ol’ 
bismuth._ A 2 per cent, solution of 8-hydroxyqninolinc contaihiino- 
nitric acid or sulphuric acid is mixed with a 4 per cent, solution oT 

^ raimnann and Dreyer, ZeiLsch. unorg. Cln:)i>., loo 5;L 

- Lochmami, ZcU.sch. anal. Chon.., 85, I . 

" Glazunov, Chon.. Lisly, iOlH, 25, 352 ’ 

^ Strebinger and Holzer, Mikrocfionie, ’ll 330 , 8 , 2 64 . 
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])otassium iodide immediately before use. Tliis reagent produces a 
lloccnlent orange ])recipitatc when added to a solution containing 
bisnmtli il‘ the concentration of the iDisniutli exceeds 1 part in 100,000. 
Tile ])rc'eipitate is solnble in a mixiin'e ora-cetonc and ammoninm acetate, 
and in c//c/ehcxaiic, and these solutions may be employed in the colori- 
metric* determination of bismuth.^ 

Other reagents that have been employed are mcthylephredine 
methiodide, “ viscose ^ and sodium alizarinsulphonate.^ 

Estimation. Gravimetric Methods.— {!) As bismuth trioxide. 
Bismuth is precipitated froju solution as basic bismuth carbonate, the 
reagent being ammonium carbonate. The precipitate is then ignited 
and weighed as bismuth trioxide. This method is not suitable for 
solutions which contain hydrochloric acid or sulphuric acid. 

(2) As bismuth oxychloride. In this method the solution contain- 
ing bismuth, which is faintly acid, is just neutralised by ammonium 
liydroxide, care being taken to avoid precipitation. The solution after 
neutralisation may be opalescent. A small quantity of dilute hydro- 
chloric acid is now added, and the precipitated oxychloride allowed to 
settle ibr a considerable time. The precipitate is finally dried at 100° C. 
and weighed as oxychloride. 

(3) As bismuth trisulphidc. Hydrogen sulphide is passed through 
a warm, acid solutioii containing the bismuth, the trisulphide being 
precipitated. The precipitate is w^ashed successively with a solution 
of Inulrogcn sulphide, alcohol, and freshly distilled carbon disulphide. 
Final w'ashings arc made with alcoliol and ether, after wHich the pre- 
cipitate is dried at 100° C. and weighed as trisulphide. 

(I) As metal, (c) The method of Rose.^ Bismuth is precipitated 
as basic bismuth carbonate and the dried ]:)recipitate is reduced by fusion 
with }:>otassium cyanide. The salts formed arc dissolved out with winter 
aiul the metal collected. (Precautions must be taken as the crucible 
is liable to be attacked during fusion.) 

(/;) The method o(‘ \Tiniuo and Trcidoert.^' The bismuth eom])ound 
in solution is reduced by tlie action of formaldeliyde in the presence of 
exc.css of sodium liydroxidc. The bismuth may either be estimated 
as juctal, or ])rcrcrably it may be redissolved in nitric acid and estimated 
as oxide (see method (1 )). This method can be em])loycd in the ])resencc 
of hydrochloric and sulpluirm. acids. Tlu^ results, however, are liable to 
be high unless special ]U’Ccautions are taken. 

(5) Bismuth may be })rccipita.tcd from its solutions by means of 
sclenious acid.” The prcci])itation is ci’fected in a nitric acid solution. 
It is ]U’cferablc to convert the bismuth selenite to bismuth trioxide 
before ^v'cighing. 

’ Sazoj’ao and Touzcigucs, ComjjL rc/nd. ^iuc. Biul., 1932, 109, 79, 370. 

“ Ilnig, J. A'hiar. Pkann. rPs-scc., 1932, 21, 8. 

^ Tarncliyna, (du'iii. JJdy, 1930, 24, 31. 

^ Cernuith anfi 2*'Uiclicll, Auitr. J. Fhariri., 1929, loi, -19. Sec also Tonga nnolT, N/r/o 
S'oe. Act. Jjrux(dlcs, 1930, 50 B, Dio; Agostini, An./i. Chim. ayyllcala, 1929, 19 , 1 (i-t. 
l*d)r funher liicraiure on the detection of bismuth, sec Heller, Mihroiditnilv, 1930, 
8 , 33; tleller and Krundiolz, ibid., 1929, 7 , 213; Giilzeit, JIdc. OJt.lin. Acid, 1029, 12 , 
713; Tanimann, Heinzel and Laars, Zcitsch. a/ionj. Chou., 1928, 176 , 143. 

^ Hose, Fo(j(j. Aii'/iulcn, 1860, iio, 425. 

Minino and Treubert, Bcr., 1898, 31 , 1303; Hup]) and llamanii, Zcilsch. anal. 
Chon., 1931, 87 , 32. 

■ Fnnakoslii, J. Chtni. Boc. Ja'pan, 1932, 53 , 433; Buohei-er and IMeier, Ztllscli. a-iuil. 
Ciioa., 1931, 83 , 352; Berg and Teitelbaum, Ztilacli. anorg. Choti., 1930, 189 , 101. 
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(6) Tlisccllancous methods. Bismuth may ]:)e precipitated as a 
hriek-rc(h gramilar eo])i])]cx sidjslaiicc, bisimitii ehrojiiiiim thioc'^ anate, 
EiC0‘(C’NS )(.. b}' tJie addition oi‘ potassium eliromium tliiocyanate to a 
solution ot bismuth (‘ontaining nitric ac'id.^ The ])reei])itate may be 
dried at U20" to IdO" ('. and weighed. Tliis metliod may be employed 
in the presence ot iron, ehromiiim and sulj^hiirie acid, and it is elaimed 
that, in eertain eireunistanecs, it is to be preterred to the sclenious acid 
method. 

Trietliylencdi amine eobaltie chloride lias also been used as a reagent 
for the estimation of bismuth.- The solution of the bismuth compound 
is made in dilute hydrochloric acid, and is treated with potassium iodide 
to form potassium iodolhsmuthatc. To this solution is added a con- 
centrated solution of triethylcnediaminc eobaltie chloride, tlie bismuth 
being preei]htated as a reddish-yellow, crystalline precipitate, 
(Bir,)o((-'o eng)!. _ 

“ CupferrolU' may be employed for the estimation of bismuth in 
either hydroehlorie or nitric acid solution. The bismuth is ultimately 
determined as trioxide. This method may be employed for the separa- 
tion of bismuth from many other metals.^ 

Volmnetric Methods . — Various methods of estimating bismutli 
volumetrieally have been described. A solution is made in nitric acid, 
and from this, basic bismuth oxalate is precipitated with ammonium 
oxalate. This ])reeipitate is then dissolved in hydroclilorie acid, the 
solution ncutraiised with ammonium Invlroxide, and any precipitated 
hydroxide redissolved in sulphuric acid. Tins hnal solution is then 
heated to 70° C. and titrated with a standard solution of potassium 
permanganate. 

The following indirect method may also be noted. To a fairly acid 
solution containing bismuth, a solution of potassium bromide is added 
until the precipitate of bismuth oxybromide which forms at lirst is 
redissol\'cd. Tlie solution is now neutralised witl'i sodium hydroxide 
and a ifeshly ])rc])ared, saturated solution of | C'r(Xn 3 ) 6 J(XO ;^).5 is added 
in excess. The ])reci])ita.te is then distilled with a solution of sodium 
hydroxide and the expelled ammonia collected in a known volume of 
standard acid solution, the excess of which is ultimately titrated with 
a standard solution oi’ sodium liydi-oxide. In this reaction six molecules 
of ammonia are equiAudent to one atom of l^ismuth.'^ 

Other A'olumetric methods are mcaitioned in the section on the 
microehemieal estimation of bismuth. 

ColoritnctrLc Methods. — I'hc yellow-orange or red eolouj- ])roduced by 
the solution of bismuth tiiiodide in excess of potassium iodide is 
frcc|uently eupDloycd for the colorimetric estimation of bismuth. The 
sample is dissolved in nitric acid, glycerine is added, followed by a solu- 
tion of ])otassium iodide. Coni{)arison is made by a similarly treated 
standard solution containing bismuth.^ 

^ Hahr, Zal.^rJi, (uior'j. Ch.f’t/i., 1932, 208, 313. 

“ S])acu and ISuciu, o/iuL Chfme, J920, 79, U)i3, 

^ Pinkiis and IXTnics, Bull. Sor. rhnn. Bclg., .1928, 37, 2()7. Tor I'liri.hei' liternlurc 
on tlie aravnneiric (-.sliraai ion of bisniutli, sec isliijnani, ./. CIk-hi. Sor. Japn/t, 1932, 53, 
5(5(5; Lee, Had., 1931, 52, 229, Calloway, Jinn, J. As>< 0 (\ (Jjjirifil Apr. CJion., 1931, 14, 317, 
Solodo^■nikov, Bel. Jirj). Bialr U uiv. Kaja-n, 1928, 88, 9,77. 

Main', Zed sell. lhuiI. Cfie-m-., 1933, 93, 133. 

^ Tliresli, Blutrni. J., 1880, [3], 10, 641. Sec also ValyasidvO and VOrup, V krainshii 
Khtm. Zhtir., 1930, 5, 275, 293; Tnck and Lnaemann, Chem. Zed., 1929, 53, 505; Porlnov 
and Skvorzov, Farm. Zhur., 1928, 534; Chem. Zerdr., 1929, i, 114. 
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Thiourea may also be employed in the colorimetric estimation of 
bismuth. Solid thiourea is added to a bismuth solution containing 
a slight excess of acid. A yellow coloration is obtained, due to the 
formation of various complex compounds, and may be compared with 
the colour obtained with a standard solution containing bismuth. If 
ferric iron is present, the solution should be boiled with hydrazine 
sulphate.^ 

If a solution of bismuth nitrate is added to a solution of cinchonine 
potassium iodide a crimson or orange coloration is produced, the in- 
tensity of the colour depending upon the amount of bismuth present. 
Lead, arsenic, antimony and tin must first be removed, and the bismuth 
solution must be added to the reagent. Conpmrison is made with the 
colour obtained wath a standard bismuth solution. This method is 
suitable for the estimation of small amounts of bismuth of the order of 

0- 00003 to 0-00015 gram.^ 

i\Iicro chemical Melhods. — A volumetric method has been devised for 
the micro-estimation of bismuth. The bismuth is precipitated as oxy- 
iodide and the precipitate is decomposed by treatment with a solution 
of potassium hydroxide. The iodide present is then oxidised to iodate 
by the action of chlorine, potassium iodide is added and the liberated 
iodine titrated with a standard solution of sodium thiosulphate.'*^ 

A concentrated solution of ;f?Y/w.<?-dithiocyanato-diethylencdiamino- 
cobaltic thiocyanate reacts with a faintly acid solution of bismuth nitrate 
(to which excess of ])otassium iodide has been added) to form the orange- 
yellow comjDound di thiocyanato-dicthylciicdiamino-cobaltic iodobis- 
muthatc, [C o en 2 (SCX)o]Bil 4 . Tliis reaction maybe employed both for 
macro- aiid micro-estimation of bismuth.'^ 

Other reagents wliich have been suggested for use in the micro- 
estimation of bismuth arc quinoline,^ a solution of ])i]:)erazine in acetone,® 
\’iscosc, ^ and hcxamcthylcnc-tctrami ne.^ 

Electroljjtic Methods. — Bismuth may be estimated ok-ctrolytically in 
acid solution. A nitric acid solution is frequently employed containing 
not more than 2 ]:)er cent, of free acid.^ Hydrazine liydratc may be 
employed as a reducing agent, the electrolysis being carried out at 80° to 
85° C. using a 0-0]. V HXO., | quinone auxiliary electrode, a current of 

1- 3 amjieres, and a cathode ]:)Otential (referred to the quinone electrode) 
of -0-15 to -O-G volt. This method is suitable for the sc])aration of 
bismutl'i from lead.^^ A solution of bismuth ti'ichloride may also be 
used; it is suggested that the solution should also contain sodium 
chloride, calcium chloi'ide or magnesium chloride. Additions of ]>yro- 
gallol and resoi'ciiiol to the electrolyte improve the deposit, but additions 
of hydroquinone and benzoic acid are not so clfec.tivc.^^ 

‘ Mahr, Zci!,-ch. anal. Cham., 1933. 94 , 101- 

- For further reference to colorimetric inciliods of cstiruatiu': hisrnutli, sec Sazcrac 
aiul nouzeruiies, loc. cit.; Teitelbauni, ZcU-sch. anal. Chan., 1930, 82 , 3GG. 

•’ Straiih, anal. CJ/evi., 1929, 76 , 108. 

' Spacu and Spaeu, IhuL, 1933, 93 , 260. 

■’ Koi’cinnan, I^lnrnn. Zci/lr.-h., 1930, 71 , 769. 

'' Mariitii, M ilrrorhoiiU^ 192S, 6 , 28; (Ihcm. Zcufr., 1928, i, 189-1. 

' T:i tnch_\'ua, lar. cil. 

Kormman, Phaian. Zculr.-h.. 1929,70, 1, See also lloseru liahu’, Pharai. Znl., 1929, 
74 , 1272; Oiirnoni arid lloiiilleiine, C'inir])l. rrral. Sor. liioL, 1928, 99 , 12-17. 

Liicsh] and llarloee.i, Ann. Chim. /rpj>hrftla, 1932, 22 , 509. 

Collin, A‘nalys(, 1929, 54 , 65-1. 

Ivern and Jones, Trans. Anier. Klectrochem. Suc.y 1930, 57 , 255. 
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Good deposits of bismuth are obtained Prom an electrolyte of ])er- 
ehlorie acid containing bismuth, with a little oil of cloves as an addition 
agent. The electrohssis is carried out at 40"^ C. with a cin’rcnt density of 
1*2 to 3-6 amperes per square foot. If lead is present, how'ever, both 
lead and bismuth are deposited A 

The dropping mercury electrode may also be employed for the 
electrolytic estimation of bismuth. The electrolyte is composed of a 
nitric acid solution, neutralised by sodium hydroxide, to which Rochelle 
salt has been added. “ 

S 2 )ectrogra'phic Methods.— In recent years spectrographic methods 
have been adopted for the identification and the approximate estimation 
of bismuth. These methods have been employed mainly in connection 
with alloys, but they have also been adopted in the examination of ash 
from organic remains.^ 

^ Pink and Gray, Trans. Arnar. EhctrocJiem. iSoc., 1932, 62 , ISO. 

“ Snchy, Collection. Czechoslov. Chejn. Coinni., 1931, 3, 354. For farther references lo 
the electrolytic estimation of bismuth, see Chetverikov, Tzval. Mtl., 1930, 5, 645; 
Grosset, BvU. Soc. cliiw.. Belg., 1933, 42, 269; Jilek and Lukas, Colheiion Czccliodon. 
Chern. Conim.. 1929, i, 369. 

^ Eddy, Chem. B-ng. Mimng Bcmeiv, 1932, 24, 239; Biuwnsden and van Somcren, 
J. Jnst. MeiaU, 1931, 46, 97; Lomakin, Zaitscli. anorg. Chem., 1030, 187, 75; Eddy and 
Laby, Broe. Boy. Soc., 1930, A 127, 20; Piccardi, Atli B. Accad. Lincci, 1929, 10, 258. 



NAME INDEX. 


ArI'CO, R., 68, 197. 

Abel, E., 40. 

Abram, H. H., 207. 

Abramson, ^1. E., 42, lol. 

Adam, E., 147. 

Adams, E. Id, 22. 

Adams, L. EL, 131, 132, 133. 

Adhikari, N , 63, 77, 82. 

Adic, R. 11., Ill, 1 12. 201, 202. 

Adinolii, E., 131, 132, 133. 

Adler, J., 40. 

Ageeva, A. V., Idl. 

Agostini, R., 219. 

Acricola, G., 14, 215. 

Ahlfield, E., 119. 

Akermann, J., 111. 

Alber, A., 167. 

Albert, K., 29, 30, 89. 

Alcoek, E. H., 108. 

Algarotb, V,, 15. 

Allan, F. E., 201, 202, 209. 

Allbridrt, J. G., lOO. 

Allem' M., 21. 

Allen, R., 125. 

Allen, 8. Al. T., M2. 

Allison, F., 147. 

Almin, A., 40. 

Almkvisi, Q., 191. 

Alov, d., 165, 166, 173. 

Alphen, R. Al. van, 22, 139. 

Alterlhnm, 11., 22. 

Alima nn, A., 137. 

Amadori, 51., 199, 200, 205. 

Andaiier, 51., 32. 

Anderson, C. T., 19, 87, 92, 94, 1.3.3, ISC). 
Andiv, (L, 192. 

Anschutz, R., 59, 71), 71, 76, .161, 172. 
Arisen, G. F., 51. 

Antimon Eerg- nnd 1 1 ut lenvci-kc A.-(L, 
85. 

AnI Old, 17, 162, 208, 

An ton oil, G. N., 20. 

Aoki, 51., 41, 44. 

Aoyama, K., 20S. 

Aoyama, S., 130. 

Ai-akawa, S., 132. 

Arcbbnli, 8. L., 39. 

Arclowski, 1 1 , 62, 98, 

Arfvedson, -I . A., 202, 

ArnoiU', M., 152. 

Arp])(', A. F., 11)3, 166, 1 ()7, 168, 177, 179, 
180, 182, 191, 192. 

Arrivanl, G., 64. 


^ Artini, E., 124. 

! Arvidson, G., 140, 141. 

Ashley, H. E., 19. 

Astenao, R., 64. 

■ Aster ,^G\. K., 140. 

: Aston, E\ AV., .38, 147. 

I Astre, C., 180. 

! Astre, L.. 180. 

! Aten, A. 11. A\L, 66, 161, 104, 195, 200 
: Athenasescii, .X., 202. 

Atkinson, R. 5A'., 65, 66, 174. 

Alter berg, A., 216. 

Attfieid, J',, 30, 58. 

Atynski, K., 1 12, 204. 

. Aiibel, E. van, 19, 59, 138, 150, 151. 

Auden, El. A., 15. 

' Aiidrieth, L. IL, 23, 131. 

' Aiifderbaar, El. C., 152. 

Auger, A"., 178. 
i Austen, E^. T., 30. 

xVvseevitseh, G. R., 32. 

' Awberry, H., 19, 20, 132, 133, 13-1. 

Baccakkdda, 51., 11, 92, 97. 

! Enclier, R. E., 141. 
i Eacbo, E\ di, .30, 35, 100, 10-1. 

' itack, E., 141. 

'■ Badami, .). 8., 27, 38. 

Eaden- Rowell, 208. 

Bailev, 0-. H., 148, 186, 202. 

Baker, C. L., 124. 

■ Baker, El. Ik, 28, 84. 

; Ikdvka, G., 117. 

Ikdareil, D., 91. 

’ Ball W. C., 206, 207. 

1 Balouna, Z., 61, 

, Ealv, F.'C. C., 27, M2. 

Earba, A. A., 125. 

Barck, H., 144. 

Barea, R. Castro, 124. 

Bargnes, 51. A., 26, liO. 

Earlow, G., 22. 

Earncs, E. E., 32. 

Ear rat t, S., 141. 

' Bai’tee/.ko, R., 65, 70, I (>6. 
ikirtc^ls, R., 4 8, 51, 52. 

Eari liolomf'W, F. 51., ISO. 

! lku-tl(0', F. IF, 10.3. 

. Ba,r(f)re.i, A., 221. 

^ Barns, (h, 135. 

Ikissaiii, V7, 66), SI. 

I Bak'son, 8., 38. 

Eaiibigriy, IF, 92, 96, 110, 111, 116. 



224 


AXTBIOKY AXD BISMUTH. 


Baudrimont, E., 30, 58, 62. 

Bauer, 0., 103, 107, 108. 

Baur, E., 194. 

Bayer, K., 39. 

Beard, H. C., 31. 

Beattie, J. A., 154, ]64. 

Bccarelli, B., 159, 171, 176. 

Beck, G., 54. 

Becker, E., 209. 

Becker, F., 109. 

Becker, J. A., 137. 

Beckett, E. G., 35, 100. 

Beckmann, E., 66, 70, 78, 81, 82, 200, 
Becquerel, A. E., 105. 

Becquerel, H., 61, 70. 

Behn, U., 19. 

Behre, C. H., 4. 

Behrens, T. H., 65, 69. 

Bcilstoin, F. F., 96. 

Bekier, E., 20, 41, 131. 

Bell, J. M., 124. 

Belladen, L., 64, 188. 

Bemmelen, J. 51. van, 59, 67, 68, 209, 210. 
Bender, G., 216. 

Benedict, — , 65. 

Bennett, W. Z., 79. 

Berdan, 51., 108. 

Berg, B., 219. 

Bergdahl, B., 21, j35. 

Bergell, B., 50. 

Bcrgeret, 51., 51. 

Bergfeld, L., 2.1, 135. 

Bcrglund, E., 106. 

.Bergmann, A., 41, 44. 

Bcrgmann, E., 38, 58, 60, 71. 

Bergmann, T., .125. 

Bergstrom, F. W., 145. 

Bernardis, G. B., 66, 82. 

Berthelot, 5T. B. E., 14, 18, 50, 65, 67, 78, ; 
102, 106. 

Bcrtlumiol, J. B., 79, 83, 177. ! 

Bcrthicr, 1\, 103, 104, 106. ! 

Bertrand, A., 73. i 

Bcrtsch, 51., 107. i 

Bcrzeliu.s, 4. d., 28, 29, 33, 34, 53, 55, 57, : 
58, 84, 85, 90, 91, 93, 97, 104, lOG, 107, ! 

1 10, 182, 205, 208, 213, 21.4. 

Besson, d. A.; 63, 73, 102, 163. I 

B(d:terlon, d. ()., 127. > 

Bedts, A. G., 127. i 

Beiz, IF, 86, 180. ! 

Hliatnagar, S. S., 71, 139. , 

Bi(Fv(dl, G. C., 186. 

Bienas, A., 20. ; 

Bicn'brauer, K., 88. ; 

BigeloNc, S. .L., 133. i 

Hiileri;, A. van, 48, 50. 

Ihltz, 11., 21, 135. I 

BiUz, d. IF, 87. : 

Blitz, VV., 58, 61, 62, 76, 80, 105, 161, 172, j 
178, 1!IF ! 

Biiv.kenl)ac,h, I.., 148, 160, 178, 187. I 

Bifciiinsha w, F. 1.., 20, 134. i 

Bisliop, F. IF, 147. I 

BiU), K., 208. I 


I Blase, 0. von, 96. 

; Blake, F. C., 28. 

' Bleekrode, L., 70. 

: Bloch, E., 27, 141. 

I Bloch, L., 27, 141. 

; Bliiinenthal, B., 151. 

I Blvth, A. IV., 47. 

I Blvth, 5F 5V., 47. 

; Blythe, T. R., 181. 

I Bodenstein, 51., 50. 

I Bodforso, S., 31. 

I Bodlander, G., 197. 

I Bodraan, G., 202, 207. 
i Bddecker, C. H. D., 216. 

I Bohm, d., 23. 

' Bdhm, MF, 107, 108. 

: Bdttyer, R., 28, 30, 48, 50, 82, 83, 84, 
111, 192. 

Bdttger, IV., 32, 59. 

Boisbandran, L. do, 202. 

Bolton, H. C., 103, 106. 

Bonamini, L., 202. 

Bonar, A. R., 14F 
Bonaretti, A. IV., 41. 

Bongartz, J., 34. 

BonsdorfT, P. A. von, 85, 142, 185. 
Borelius, G., 129, 138. 

Borgstrom, L, H., 196. 

Bornemann, K., 20, 133, 134. 
Bornhak, R., 40, 150. 

Bosch, J. C. van den, IS. 

Bose, 51., 192. 

Bosck, 0., 70, 93, 99, 106, 107, 108. 
Bossa, E., 22. 

Bothamley, R. P., 74. 

Bottema, J. A., 19, 25, 40. 

Boiigault, J., 111. 

Bonillcnne, 51., 221. 

Boullay, P. F. G., 88, 03, 

Boiirson, J., 93. 

Bouzuazou, A. C., 216. 

Bowen, E. C., 4 1, 42, 152. 

Bovd.ston, R. IV,, 129, 138. 

Boyle, R., 14, 15, 160. 

Bozorth, 14. 5F, 9, 84. 
Braddoek-R.ogers, K., 19S. 

Braekkcn, 14., 79, 178. 

Braesco, R., 19. 

Bragg, IV. L., 131. 

Brand, A., 1 14. 

Brandos, R., 57, 62, 79, 82, 83, 84, 90, 
114, 191, 192. 

Bra line, IF, 71. 

Brauncr, B., 98, 99, 106, 107. 
Brazcnall, IVh, 15. 

Brcdig, G., 146. 

Breitiianpt, d. F. A., 91, 124. 

Bret t, R. 11., 89. 

Brewer, R. F., .31. 

Brezina, A., 87. 

Bridgman, R. W., 19, 21, 22, 28, 129, 
132, 1.36, 137, 138. 

Briggs, S. 11. (.4, 201. 

Brigham, G. Idiny, 166. 

Brinkman, R., 31. 



XAME lATDEX. 


225 


Brintzinger, H., 96. 

Brislee, F. J., 183, 187. 

Britton, H. T. S., 31, 32. 

Britzke, E. V., 97, 101, 102, 104, 197, 198, 
199. 

Broderick, S. J., 39, 150. 

Broniewski, W., 20. 

Brown, D. J., 118. 

Brown, J. C., 124. 

Bro^^■Tling, P. E., 59. 

Bro’wnsden, H. W., 222. 

Bruchhold, C., 17. 

Brulil, W., 62. 

Bruins, H. P., 79. 

Brukl, A., 113, 117, 118, 205, 214. 

Brunck, 0., 92, 97, 116. 

Brunn, 0., 49, 50, 51. 

Bruns, H. D., 204. 

Bucher, A., 151. 

Bucherer, H. T., 219. 

Buchholz, C. F., 113, 191, 192. 

Buchholz, Jun., 109, 111. 

Buchner, L. A., 51, 111. 

Biinz, B., 192. 

Biissem, W., 131. 

Buisson, P. M. A., 181. 

Bulla, A., 157, 163, 169, 173, 179. 
Bultunov, J. A., 32. 

Bunsen, B., 84, 90, 91, 94, 103, 104, 105, 
107, 108, 116, 182. 

Burkart, H. J., 124. 

Burkser, E. S., 77, 174. 

Burrows, C. J., 180. 

Buytendijk, F. J. J., 31. 

C.-VDENBACH, G., 208. 

Caghoti, V., 152, 177, 201, 202, 204. 

Caille, —,116. 

Calcagno, 0., 213. 

Callendar, H., 19. 

CalloM'ay, J., Jun., 220. 

Cameron, C. A., 113, 205. 

Cammerer, J, B., 199. 

Campbell, L. L., 139. 

Campbell, W., 41. 

Campctta, A., 27. 

Canneri, G., 174, 180, 203, 217. 

Cantone, M., 22. 

Capcl, W. H., 136. 

Capitaine, H., 48, 59, 91, 96, 102, 104, 105, 
106. 

Capua, C. di, 152. 

Carli, F. dc, 187, ISS, 208. 

Carnegie, B., 190. 

Carnellev, T., 21, 53, 59, 79, 88, 89, 92, 135, 
161, 172, 178, 189, 190. 

Carnot, A., 98, 99, 111, 124, 203. 

Carobbi, G., 208. 

Carpenter, H. C. H., 18, 39, 131. 

Carpenter, L. G., 133. 

Carpini, C., 137. 

Carreras, B. S., 190, 215. 

Carson, C. M., 57, 103. 

Cartwright, C. H., 130. 

Case, T. VC ., 196. 

Cassie, A. M., 142. 


j Castro, C., 5. 

I Casw^ell, A. E., 138. 
i Catenacci, X., 31. 
i Cattica, V., 202. 

Causse, H. E., 64, 68, 162. 

! Cavazzi, A., 172, 173, 213, 214, 215. 

I Caven, R. M., 81, 213, 214. 
i Centnerswer, M., 60. 

, Cesaris, P. de, 42, 103, 115. 

' Chamberlain, K., 28. 

Chancel, G., 213. 

! Channel Evans, K. M., 39. 

: Chapman, A. C., 3. 

^ Chapman, A. K., 22. 

■ Charola, F., 26, 141. 

I Charpy, G., 153. 

! Charrin, V., 3, 17. 

^ Chatelier, H. le, 67, 68. 

Chemisches Werk Klopper, G. M. B. H., 

147. 

Chenault, B. L., 26, 27, 141. 

Chetverikov, J. D., 222. 

Chiappcro, A., 108. 

Chikashige, 51., 40, 42, 103, 112. 

Chipman, H. B., 61, 62. 

I Chow, M., 145. 

' Chretien, H., 19. 

; Chretien, P., 18, 20, 97, 99, 101, 102, 112, 

! Christiansen, W. G., 180. 

I Cissarz, A., 101. 
j Claesson, J. P., 64. 

' Clark, J., 29, 93. 

: Clark, P. V., 180. 

; Clark, B. E. D., 84. 

^ Clarke, F. W., 89, 207. 

: Clasen, W. L., 29. 

Classon, A., 103, 106, 107, 108, 109, 118, 

148, 202. 

Clausnizer, F., 72. 

Clemente, A., 105. 

Clermont, P. de, 58, 103, 104, 198. 

Cloez, S., 72. 

Clusei, 51., 111. 

Coffin, C. C., 23, 25. 

Cohen, E., 18, 22, 23, 24, 25, 28, 29, 35, 58. 

79, 117, 118, 129, 130, 139. 

Cohn, B. F., 127. 
i Collenbcrg, 0., 117. 

Collin, E.^M., 221. 

Collins, E., IS, 35. 

Compton, K. T., 139. 

Coninck, VV. 0. de, 148. 

Conrad, C. P., 93, 96. 

' Constant, F. \V., 139. 

I Cook, M., 42, 152. 

1 Cooke, J. P., 29, 33, 34, 35, 58, 59, 60, 6k 
62, 64, 66, 69, 76, 77, 79, 82, 99, 101. 

I Coolbaugh, >1. F., 16. 
i Corbino, 0. 5k, 137. 

I Corficld, C. E., 190, 191, 192, 193. 

Cork, J. 5k, 28, 142. 

Cormimbocuf, H., 88, 90, 91. 

Coster, D., 28, 142. 

Coupland, H. C., 215. 

Cowan, W. A., 152. 

! Cowper, B., 29, 144, 160. 


226 


ANTIMOXY AXD BISMUTH. 


Cox, A. J., 206. 

Cox, H. L., 28. 

Crawford, M. P., 38, 140, 141. 
Crittenden, F. D., 58, 59, 66. 
Croll, O., 93. 

Crymball, C. B., 61. 

Cuisinier, V., 203. 

Cumenge, E., 93, 124. 

Cuntze, A., 216. 

Curie, P., 130, 138. 

Curry, B. E., 150. 

Curtis, L. F., 137. 

Curtins, T., 30. 

Cushny, A. B., 47, 155. 
Czerwek, A., 30. 


Dahl, 0., 44. 

Dalietos, J., 30, 63. 

Damour, A., 91. 

Dana, E. S., 4-13, 100, 120-123, 125. 

Dana, J. D., 4-13, 100, 120-123, 125. 
Daneel, H., 29. 

Daniel, W., 155. 

Dannohl, W., 43, 44. 

Darapski, A,, 30. 

Darb^^shire, J. A., 38, 141, 

Darling, C. B., 138. 

Darling, E. B., 117, 185. 

Daubrauer, H., 71, 94, 96. 

Daure, P., 61, 162. 

Dau villi er. A., 28. 

Davey, W. R, 131. 

Davis, G., 64. 

Davy, J., 125, 160. 

Day, A. L., 19. 

Dean, B. S., 41. 

Debacher, M. 0,, 41. 

Debrav, H., 69, 84, 85. 

Deherain, P. P., 63, 73, 144, 158, 160, 166, 
167, 169. 

Dehlinger, U., 84, 85, 92, 93. 

Deichlcr, C., 191, 192. 

Deichmann, — , 216. 

Dekkcr, P., 108. 

Delacroix, A. E., 96. 

Delhs, W., 93. 

Dcllacher, J., 41. 

Dehvanllc, M. L., 179, 180, 181. 

Demargay, E. A., 21. 

Dcmmer, A., 44. 

Denham, H. G., 176, 181, 183. 
Deniszczukowna, Mile., 95. 

Denizot, A., 132. 

Demies, J., 220. 

Descamps, A., 115. 

Deutsche Schmelz- und Bafiinicrwcrkc 
A.-G. , So. 

Devoto, G.. 159. 

Dewar, J., 19, 136, 137, 138. 

Dexter, W. P., 30, 34, 35, 58, 91, 92, 101, 
105, 11], 112. 

Dhar, X. B., 105. 

Dhavale, D. G., 27. 

DiesselhorM, hi., 136, 138. 

Discorides, 14. 


• Ditscheiner, L., 208. 
i Ditte, A., 29, 65, 67, 87, 99, 101, 105, 

' 160, 163, 196, 199, 209. 

: Divers, E., 143. 

I Dix, E. H., 41. 

: Dix, F. E., 140. 

I Dixon, H. B., 28, 84. 

! Dixon, W. E., 47, 155. 

: Dobbie, J. J., 26. 

I Dolter, C., 103, 106. 

: Doht, IV., 48, 49, 50. 

: Dolejsek, V., 142. 

I Domeyko, L, 91, 167, 201. 

; Donahue, T. H., 127. 

I Donat, E., 133, 139. 
i Donath, E., 109, 116. 
j Donk, A. D., 109. 

Donski, L., 40, 150. 

Doornbosch, H. B., 78, 82. 

Dormaar, J. M. M., 118. 

Dorsey, H. G., 18, 131. 

Douglas, B. E., 125. 

Dowzard, E., 51. 

Dragendorff, G., 51, 180, 181. 

Drath, G., 20, 134. 

Dreifuss, M., 43. 

Dreyer, K. L., 218. 

Druce, J. G. F., 48, 155. 

Drude, P., 22. 

Druyvesteyn, M. J., 28. 

Duane, W., 28, 142. 

Dubrisay, R., 163, 169, 173, 179. 
Ducelliez, F., 64. 

Duflos, A., 62, 69, 99, 106, 109, 111, 
209. 

Dulk, F. P., 209. 

I Dullenkopf, W., 149. 

Dulong, P. L., 19. 

Dumas, J. B. A., 33, 34, 35, 53, 148. 
Dumont, P., 221. 

Duncan, J. B., 117. 
i Dunning, F., 64. 

: Dupais, P., 144. 

I Dupasquier, A., 48. 

; Duquenois. P., 116. 

Durand, M., 85. 

Durant, A. A., 156. 

Durocher, J., 62, 98, 196. 

Durrer, B., 19, 42. 

Dvson, G. M., 14, 15, 47, 57, 93, 107, 
128. 

Eagles, E. M., 160, 162, 170, 173, 175, 
179, 182. 

Eaklc, A. S., 102. 

Ebe], F., 96. 

Ebert, F., 55. 

Ebler, E., 190. 

Echiandia, E., 49, 50. 

Eddy, C. E., 142, 222. 

I Edgerton, P., 88. 

I Edmunds, C. W., 155. 

I Edwards, C. A., 19. 

■ Edwards, F. IV., 152. 

I Euaink, B. G., 159, 171. 
i Enidi. U.. 213. 214. 



XAME IXDEX. 


9 


Ehrcnfest, P., 13S, 139. 

Ehret, W. F., 39, 42, 150, 151. 

Eidniann, ^Y., 89. 

Elbers, AY., 103. 

Elton, M., 201, 215. 

Ende, J. X. van den, 133. 

Endo, H., 113, 131, 132, 133, 138, 1S6, 205. 
En£:el, L., 38, 58, 60, 71. 

Engel, R., 65, 163. 

Engelhardt, V., 17. 

Engcmann, — , 220. 

Ephraim, F., 54, 65, 70, 78, 105, 166, 202. 
Epik, P. A., 104. 

Erckelens, E. van, 17, 127. 

Ercker, L., 14. 

Erhard, T., 21. 

Eriksson, S., 39. 

Espt, E. van der, 78. 

Ettingshausen, A. von, 22, 138. 

Eucken, A., 21, 40. 

Euler, H. von, 64. 

Evans, B. S., 117. 

Evans, E. J,, 39. 

Evans, E. T., 151. 

Evans, P. X., 59, 70, 71. 

Evnevitsch, E. Y., 161, 172. 

Ewald, R., 19. 

Faktor, F. j., 89, no, 145, 162, 195, 203. 
Earadav, M., 97. 

Fay, H., 19. 

Feige, C., 73, 74, 75, 78. 

Feigl, E., 117. 

Feiser, J., 186, 188. 

Feit, AY., 108, 109. 

Feitknccht, AAh, 169. 

Feng, C. T., 219. 

Fenwick, F., 31, 85, 87, 89. 

Ferguson, A. L., 60, 76, 80. 

Fernelius, AAh C., 206. 

Ferray, E. FI., 181. 

Fichter, F., 76, 169, 170. 

Field, E., 166, 173, 174. 

Field, F., 103. 

Fine, K. D., 150. 

Findand, J. J., 127. 

Fink, C. G., 14, 146, 222. 

Finkenor, — , 62, 99. 

Finot, E., 73. 

Fireman, W, 73. 

Fischer, A., IIS. 

Fischer, B., 181. 

Fischer, E., 59. 

Fisclier, F., 40. 

Fischer, G., 09. 

Fischer. F., 151. 

Fisclier, T., 216. 

Fischer, Y., 41. 

Fischer, AV. M., 74. 

Fisher, R. A., 140. 

Fisk, Wh G., 79. 

Fizcau, IL, 18, 88, 132. 

Fleitmann, T., 48. 

Flcmimi:, J. A., 136, 137, 138. 

FjevYier, :a1- H., 117. 

Flink, G., 124. 


Floresco, X., 29. 

Fluckiser, F. A., 48, 51, 53, 54, 55. 

Foa, X., 217. 

Focke, A. B., 129, 131, 139. 

Foerster, F., 118, 146, 

Foder, M. F., 41. 

Fode, H. AY., 65, 92, ISO. 

Foote, P. D., 26, 27, 141. 

Ford, AY. E., 13. 

Foresti, B., 155. 

Formhals, R., 35, 94, 117. 

Forrest, J., 139. 

Fosbinder, R. J., 32. 

Foster, AA"., 192. 

Foucrov, A. F. dc, 111. 

Fox, 26. 

Franck, J., 142. 

Francois, F., 79, 80, 82, S3, 179, 181. 
Frankel, L. K., 190. 

Franklin, E. C., 168, 206. 

Franz, R., 135. 

Frayne, J. G., 26, 141. 

Frcbault, A., 165, 166, 173. 
Fredenhagen, K., 208. 

Fremv, ET, 90, 93, 96, 192. 

Frenzel, A., 66, 69, 93, 124. 

Fresenius, C. R., 52, 58, 99, 101, 104, 1( 
155, 216. 

Freude, F., 150. 

Frey, G. S., 101. 

Frever, F., 161. 

Frick, C., 126, 220. 

Fricke, H., 142. 

Friedrich, H., 62, 72. 

Friedrich, K., 44. 

Friend, G. C., 34, 35. 

Friend, J. A. X., IS, 24, 131, 207, 211. 
Frigidaire Co., 84. 

Friman, E., 142. 

Frischer, H., 38, 43. 

Frolich, 0., 54. 

Frominel, J., 103. 

Frvez, K., 60. 

Fuchs, J. X. von, 99, 101. 

Fuchs, R., 196. 

Fiijita, M., 42, 112. 

Fullerton, H. B., 157. 

Funakoshi, 0., 219. 

Funke, G., 153. 

Furman, X. H., 31, 117. 

Furstenau, E., 99. 

Gall, H., 62 . 

Galvez, X., 32. 

Ganguly, P. B., 105. 

Gans, R., 22, 138. 

Garclli, F., 66, 76, SI. 

Gamier, L., 104. 

Garot, 51., 104. 

Garrido, 3., 124, 200. 

Garilcin, C. AY., 27. 

Gaspar y Arnal, T., 206, 

Gatehouse, J. VV., 48. 

Gautier, A., 19. 

Gav-Lussac, J. L., 111. 

Geber, 14. 



228 


ANTIMOIS'Y A^T> BISMUTH. 


Gebert, E. B., 41, 151. 

Gehlhoff, G., 21, 40. 

Geibel, W., 105. 

Geiger, P. L., 57, 103, 108, 109, 111. 
Geitner, C., 29, 98, 144. 

Gemolka, E., 50. 

Genard, J., 27, 38. 

Genth, P. A., 115, 124, 205. 
Geoffroy, C. J., Ill, 125. 

Georgiefi, M., 132. 

Gerard, — , 148. 

Gericbten, E. von, 113. 

Germuth, E. G., 219. 

Gettner, B., 147. 

Geuther, A., 96. 

Gex, M., 31, 32. 

Gbiron, D., 24, 25. 

Ghosh, C., 186. 

Ghosh, M. G., 214. 

Ghosh, S., 105. 

Gibbs, 0. W., 91. 

Gibbs, B. C., 27. 

Gibson, J. A., 116. 

Glebe, E., 136. 

Giesv, P. M., 215. 

Gigli, G., 208. 

Gilman, E., 31. 

Giraud, H., 94. 

Gladstone, J. H., 208, 209. 

Glatzel, E., 114, 162, 214. 

Glauber, J. B., 57, 93, 

Glazunov, A., 218. 

Gleria, J. di, 31, 32. 

Glixelli, S., 95. 

Glocker, B., 84. 

Gmachl-Pammer, J., 40. 

Godeflroy, 64, 65. 

Gobel, F., 57, 104. 

Goetz, A., 129, 130, 131, 132, 139. 
Goldschmidt, F., 185. 

Goldschmidt, V. M., 38, 130. 
Goinperz, E. von, 131, 132. 
Gontermann, W., 41. 

Gooch, E. A., 59, 94. 

Goodrich, W. E., 133. 

Gordon, H., 31. 

Gore, G., 23, 162. 

Gortikov, V. M., 31, 32. 

Gossmann, 0., 61. 

Gott, S., 157, 158, 177, 179. 
Gottfried, C., 100. 

Goudsmit, S., 140, 141. 

Goush, H. J., 28. 

Gotland, W., 15, 16, 126. 

Grace, A. W., 138. 

Graf, H., 53, 54, 55, 56, 57. 

Graf, L., IS, 25. 

Graham, T., 208. 

Grammont, A. de, 27. 

Grant, J., 48, 49. 

Grassl, G., 116. 

Gravino, P., 4. 

Gray, 0. H., 146, 222. 

Gray, W. H., 64. 

Green, G., 217. 

Green, J. B., 26, 27, 140. 


Greene, G. V., 127. 

Greenwood, H. C., 21, 135. 

Griffiths, E., 19, 20, 132, 133, 134. 
Grigoriev, A. T., 40, 44. 

Grimm, H. W., 85. 

Grippenberg, W. S., 87. 

Groschuff, E., 17, 129, 133. 

Gross, F., 131, 137, 139. 

Grosse-Bohle, A., 87, 

Grosset, T., 118, 222. 

Grosspietsch, 0., 124. 

Groth, P., 58, 87, 88, 91, 130, 166, 174, 180, 
185, 201. 

Grotrian, W., 141. 

Grouvelle, P., 69, 208. 

Grube, G., 31, 40, 144, 146, 149, 150, 192. 
Griinbaum, H., 53, 54. 

Griineisen, E., 18, 131, 132. 

Gruener, H. W., 59, 94. 

Griiters, M., 203. 

Griitzner, B., 114, 213. 

Grunmach, L., 137. 

Giinther-Schulze, A., 86, 186. 

Guerout, A., 103, 196. 

Guertler, W., 41, 44, 103, 152, 186. 
Giittich, A., 52, 53. 

Guggenheim, Bros., 128. 

Guinchant, J. M., 18, 20, 97, 99, 101, 102. 
Gunn, J. A., 155. 

Gunther, P., 19. 

Guntz, A., 53, 54, 61, 69, 76, 87, 89, 92. 
Gurchot, C., 180. 

Gutbier, A., 146, 147, 148, 165, 187, 192> 
193. 

Gutmann, August, 90, 111. 

Guttmann, Artur, 159, 171, 176, 183, 194. 
Guttmann, 0., 48, 49, 50, 51, 58. 

Gutzeit, G., 219. 

Guzzi, A., 159. 

Gwyer, A. G. C., 151. 

Gvdry, S., 117. 

Gysinck, T., 31. 

Haagen, a., 70. 

Haas, W. J. de, 22, 136, 137, 139, 150, 151,. 
152. 

Haase, 0., 132. 

Haber, F., 146. 

Hackspill, L., 190, 210. 

Hada, S., 213. 

Haen, E. de, 54. 

Hagg, G., 39, 41, 43, 152, 153. 

Hagen, E., 139. 

Hager, H., 48, 90. 

Hahn, E. L., 31. 

Hahn, F. V. von, 112. 

Hahn, X., 107. 

Haidinger, W., 102. 

Haidlen, — , 216. 

Haissinsky, H., 191. 

Hall, B. A., 211. 

Hall, F. W., 154, 164, 

Hall, W. T., 115. 

Halla, F., 40. 

Hallmann, C., 35. 

Halse, E., 3. 



na:me index. 


22 


Hamann, G., 219. 

Hamer, R., 139. 

Hammerschmidt, W., 146. 

Hammett, L. P., 96. 

Hammick, D. L., 185, 187. 

Hampe, W., 93, 103, 106, 215. 

Hanak, A., 17. 

Hankel, — , 51. 

Hansen, C. J., 99, 107. 

Hansen, H., 151. 

Hanus, J., 199. 

Hanzlik, P. J., 180. 

Harbaugh, M., 146. 

Harder, A., 39, 150. 

Hardinsf, A., 48. 

Hardini, H. C., 90. 

Hargreaves, F., 132. 

Harle, T. F., 133. 

Harmsen, M., 107. 

Harris, J. E., 134. 

Harrison, W. H., 31. 

Harst, P. A. van der, 27. 

Hartl, 0., 167, 206, 208, 213, 214. 

Hartlev, W. X., 142. 

Harwood, H. F., 124. 

Hascdiimoto, V., 150. 

Hasebroek, K., 191. 

Hasler, M. F., 130, 131. 

Hassol, 0., 130, 157. 

Hasslachcr, F., 54. 

Hatta, A., 43. 

Haiipt, H., 91. 

Hanser, G., 54. 

Hanser, 0., 167, 181, 186, 191, 192, 193, 
203, 217. 

Havward, C. R., 127. 

Heap.s, C. W., 139. 

Hccht, L., 72. 

Heft’ter, L., 96, 108. 

Heimer, A.. 155. 

Hein, F., 162, 165, 174. 

Heintz, E. A., 158. 

Heintz, AV., 142, 144, 160, 162, 163, 167, 
168, 177, 179, 182, 192, 194, 202, 209, 
213. 

Heinzel, A., 151, 152, 219. 

Heller, K., 219. 

Heller, AV., 55, 56. 

HelLslrum, H., 64. 

Helm, 0., 15. 

Helmont, H. von, 157, 158. 

Hemedes. F. D., 31, 

Hempel, AV., 186. 

H(‘iidcrson, G. G., 88. 

Hendrixson, AV. S., 143. 

Henne, A. L., 83. 

Hennsmann, P. J., 111. 

Henrv, X. E., 69. 

HenrV, 0., 111. 

Hensiren, C., 58, 87, 104, 111, 202. 

Henz, F., 35, 116, 118. 

Hcpner, B., 209, 210. 

Herard, F., 24, 113. 

HerbcV E., 51. 

Herbere:er, J. E., 209. 

Herbert, A. M., 19. 


Hergcnrother, R. C., 130, 131, 132. 
Hermann, K., 131. 

Hermann, R., 201. 

Herold, W., 152. 

Herroun, F. E., 94. 

Hcrtel, E., 44. 

Hcrtel, AV., 128. 

Hertv, C. H., 65. 

Herz“ AAV, 157, 159, 163, 168, 169, 171, 17: 

175, 176, 179, 183, 194. 

Hess, A., 133. 

Hesse, L., 103. 

Heteren, AA^. J. van, 73. 

Heumann, K., 29, 58, 106. 

Hems, H. AAV, 146. 

Heveock, C. T., 19, 39. 

Heyl, P., 163, 168. 

Hejmiaiin, L., 54. 

Hcvnemann, H., 50. 

Hibbard, P. L., 31. 

Hidnert, P., 18. 

Hiers, G. 0., 152. 

Hicrbce, H. H., 64. 

HiScrins, AAV F., 132, 136. 

Hiiditch, T. P., 189. 

Hilser, A., 192. 

Hill. H., 213, 214. 

Hiliebrand, AAV F., 124. 

Hilprecht, H. AV, 15. 

Himly, C., 1] 1. 

, Hincke, AAV B., 85, 86, 87. 

I Hintze, C., 100, 125. 

^ Hirata, H., 18, 28, 131. 

Hjalmar, E., 28, 142. 

, Hiasko, 51., 49. 

Ho, Ivai, 15, 17. 

Hock, L., 108. 

: Hodiikinson, AAV R. E., 202. 

Hock, C. P. van, 47, 91. 

Honiasclimid, 0., 34, 36, 148, 160. 
Hofackcr, G., 112, 113. 

RolTmann, C., 192, 194, 198, 216. 
Hoilmann, G., 125. 

Hoilmeistcr, G. B., 157, 160, 172, 173, 17 
175, 177, 173, 183, 187, 192, 216. 

' Hofmann, A. AAV, 52, 73. 

Hofmann' AAV, 4, 100, 124, 196, 

' Rofmeicr, G., 146. 

^ Hogiiess, T. R., 134. 

Holborn, H., 19. 

Hollard, A., 118, 192. 

Holmqui.st, A., 31. 

, Holzer, H., 218. 

: Hommel, AW, 15, 149, 153. 

Honda, K., 22, 138, 150, 152. 

Hoover, H. C., 125. 

Hornune:, E. G., 85. 

^ Horseh,''S. 51., 114. 

; Horton, F., 186. 

■ Hough lioiidt, S. B., 32. 

Houzeau, A., 52. 

; Howells, E. AV, 39. 

: Hudson, AAV E., 41. 

Hnttig, G. F., 189. 

Hiittner, K., 215. 

' Hufschmidt, F., 59. 



230 


AXTIMOXY AND BISMUTH. 


Hughes, A. L]., 139. 

Hugounenq, L., 147. 

Hulburt, E. 0., 140, 142. 

Hulthen, E., 155. 

Hume-Rothery, W., 39. 

Humpert, T., 48, 51, 52. 

Husemann, A., 73. 

Hussak, F., 91. 

Husson, C., 51. 

Hutchins, E. B., 167. 

Hutchinson, A., 185. 

Hutin, A., 108. 

Hybinette, A. G., 41. 

Hyman, H., 15. 

I.G. Earbexixd. a. G., 107, 128, 190. 
litaka, I., 132, 133. 

Inoko, S., 117. 

Ipatiev, V. X., 23. 

Ipatiev, V. V., Jun., 28, 144. 

Ireton, H. J. C., 141. 

IsbekoT, W., 76, 145, 172, 173, 174. 
Ishigaki, T., 150, 152. 

Ishimaru, S., 220. 

Isihara, T., 153. 

Isnardi, H., 22, 138. 

Itano, A., 31, 32. 

Iwasi, Iv., 41, 44. 

Izgaruishev, X. A., 17. 

JABLCZY^'SIa, K., 105. 

Jackson, F. G., 19. 

Jacobs, W., 164. 

Jacohsohn, F., 73, 108. 

Jacquelain, V. A., 48, 51, 63, 145, 161, 162, 
166, 167, 168, 169, 192, 193. 

Jaeger, F. M., 19, 25, 40. 78, 82, 87, 97, 103, 
161, 172. 

Jaeger, W., ]36, 138. 

Jilnecke, E., 18, 129, 133. 

Jarviness, K. K., 117. 

Jahn, F., 108. 

Jahn, H., 59, 76. 

James, R. W., 18, 130. 

Jander, G., 95, 96. 

Jancttaz, E., 21, 

Jannasch, P. E., 98, 102, 103, 106, 172, 191. 
Janssen, M., 209. 

Janssen, R. L., 148. 

Jay, A. H., 130, 132. 

Jeanmairc, A., 63, 113. 

Jeep, K., 62. 

Jefierv, F. H., 42. 

Jellinek, K., 31, 145, 154, 163, 164. 

Jenny, E., 76, 169, 170. 

Jensen, K. A., 214. 

Jeriomin, K., 150. 

Jette, E. R., 41, 151. 

Jilek, A., US, 222. 

Jiriste, J., 42. 

Jonsson, A., 28. 

Jorgensen, S. M., 180. 

Johannsen, A., 156. 

John, R., 64. 

Johnson, A., 130. 

Johnson, F., 150. 


Johnston, J., 131, 132, 133. 

Johnston, J. F. W., 69. 

Johnston, S., 25. 

Joliot, F., 145. 

Joly, F., 50. 

Jones, A. G., 215. 

Jones, F., 49, 50, 51, 84. 

Jones, H., 131, 140. 

Jones, T. R., 127, 128, 221. 

■ Joos, G., 141. 

i Jordan, F. W., 138. 

: Jordis, E., 65, 88. 

' Joshi, S. S., 105. 

' Joule, J. P., 88, 92, 93, 207. 
i Jouniaux, A., 20, 30, 134. 

I Jurist, A. E., 180. 

■ Jurriaanse, T., 150. 

I 

i Kahlbaoi, G. W. a., 18, 19, 131, 132 
I Kahlenburg, L., 60, 187. 

Kahler, H., 131. 

Kahn, J., 161, 172. 

Kai Ho, 15, 17. 

Kalie-Chemie A.G., 128. 

Kainmerer, F., 70. 

Kanewsky, T., 42. 

Kanov, K. P., 59, 64. 

Kapitza, P., 21, 129, 137. 

Kapp, A. W., 151. 

Kapmstinski, A. F., 102, 197, 198, 199. 
Karantassis, T., 64, 74. 

Karrer, E., 20. 

Karsten, C. J. B., 88, 92, 101. 

Katz, F. J., 17. 

Katz, M., 74. 

Kautter, T., 147. 

Kawakami, M., 39, 150. 

Kave, G. W. C., 132, 136. 

Keesom, W. H., 133. 

Keller, F., 41, 86, 186. 

Kelley, K. K., 19, 186. 

Kellstrom, G., 28. 

Kendal], J., 58, 59, 66. 

Kern, E. F., 127, 128, 221. 

Kersten, H., 23. 

Kesans, A., 104. 

Kessler, F., 34, 35. 

Kharmandar 3 ain, M. 0., 210. 

Kieffer, A. P., 210. 

Kimata, Y., 113. 

Kimura, M., 142. 

Kinetic Chemicals, Inc., 53. 

King, X. J., 31, 32. 

Kirchhof, F., 107, 108. 

Kirsebom, G. X., 89, ISS. 

Kishen, J., 140. 

Kittl, E., 125. 

Klapproth, W., 118. 

^ Klein, J., 94. 

: Klemensicwiecz, Z., 59, 60, 61. 
i Klemm, W., 160. 

' Klenker, 0., 107, 108. 

; Klooster, H. S. van, 41, 97, 103, 176. 

^ Knapp, E. J., 136. 
i Knoch, M., 55, 56, 158, 193. 

' Knocke, A., 116. 



XAME INDEX. 


Knoevenagel, E., 190. 

Knoll and Co., 74. 

Knop, J., 34, 36, 117. 

Knorre, G. von, 84, 96, 97. 

Knox, J., 188, 197. 

Ko, C. C., 135. 

Kobel, E. von, 125. 

Koch, S., 119. 

Kochiin, P., 29, 58. 

Kohler, H., 64, 73, 103. 

Kohler, T., 88. 

Koenig, G. A., 124. 

Koenigsborger, J., 138. 

Korber, F., 152. 

Kohl, G., 106. 

Kohlhaas, R., 130. 

Kohlmevcr. E. J., 101, 102, 126, 127, 188. 
Kolb, A., 35, 94, 117. 

Koike, E., 91. 

Kolthoff, I. 51., 31. 

Koninck, L. L. de, 57, 103. 

Konno, K., 103. 

Konno, S., 135. 

Konstantinov, N. S., 40, 41, 43. 

Kopp, A. FE, 14. 

Kopp, H., 19, 59, 76, 93, 125, 132, 209. 
Korenman, J. 51., 221. 

Kosmann, C. P., 111. 

Kosmanii, H. 13., 71. 

Kostagni, A., 131. 

Kraemar, AV., 26, 140. 

Krafft, F., 19, 21, 30, 135. 

Kramer, J., 25. 

Kraus, C. A., 145, 168. 

Krause, A., 161, 172. 

Kraut, K., 180. 

Ki’cmann, R„ 39, 40, 41, 44, 112, 145, 150. 
Kretschmar, 51., 88. 

Kretzer, A., 26, 27. 

Krider, H. kS., IS. 

Krishnamurti, P., 61. 

Krishnaswami, K. R., 34, 37. 

Kroacr, C., 28. 

Kroil, AV., 127, 145, 151. 

Krotkov, D., 76. 

Krumholz, P., 219. 

Kruyt, H. R., 101. 

Kubiersclik}', C., lOS, 109. 

Kudra, 0. K., 60. 

Kuhn, AV., 145, 154, 163, 164. 

Kuhne, R., 119. 

Kurthy, L , 154. 

K aster, F. AV., 203. 

Kuhl, H., 111. 

Kuhn, A., 191. 

Kunckel, J., 14. 

Kurnakov, I., 76. 

Kuril akov, X. S., 40, 43, 59, 64, 151. 
Kiirtenacker, A., 99. 

Kurz, T., 71. 

Kurzyniec, E., 150. 

Kysaba, S., 138. 

Laar, j. j. vox, 31, 

Laars, F., 219. 

Laborde, J., 19. 


! Laby, T. H., 222. 

; Lacombe, H., 207, 203. 

Lacroix, A., 124. 

: Lagerhjelm, D., 148, 195, 202. 

; Lagerhjelm, P., 125. 

' Lakshmanro'^r, T., 32. 

Landgrebe, G., 114, 213. 

Lang, J., 57, 99, 183. 

Lang, R. J., 27, 140, 141. 

Lang, W. R., 57, 103. 

Langguth, S., 70. 

I Langhans, A., 109. 

I Langsbauer, A., 44. 

: Lapenta, A^. A., 147. 

Laroeque, A., 57. 

Laschtschenko, P. X., 19, 20. 

, Laspeyres, E. A. H., 18, 87, 102, 124. 

: Lassaigne, J. L., 48, 50, 52. 

Lassieur, A., 118. 

: Lattmann, AA^., 194. 

^ Lauenstein, 0., 158. 

Lava, AV G., 31. 

: Lavoisier, A. L., 14. 

^ Lea, C., 67, 90. 

Lebaigue, 51., 168, 191. 

Lebeau, P., 30, 48. 
i Le Blanc, 51., 42. 

■ Lebrument, 51. , 79. 
i Leclerc, F., 31. 

Lecrenier, A., 57, 103, 118. 

Lee, K. AV., 220. 

Lefort, J., 30, 93, 113, 215. 

J.ehmann, F., 108. 

! Lehmann, P., 135. 

Lehrmann, L., 100. 

Leide, A., 28. 

Lcist, A., 202. 

: Leitgebcl, AV., 21, 40, 42, 135. 

Lemcry, X., 14, 93, 125. 

Lemoult, P., 51. 

Lenker, A"., 167. 

; Lenssen, E., 99. 

Leroux, A., 44. 

Leroux, P., 41. 

Leschke, E., 47. 

I Lespiau, R., 61. 

Lesser, E., 99, 103. 

Levi, G. R., 24, 25. 

Lcv'conja, K., 43, 153. 

LTIote;L, D., 58. 

‘ Libavius, A., 14, 93, 125. 

Liebig, J. von, 65, 90, 93, 100, 109, 111 
Liempt, J. A. van, 21, 135. 

Licsegane:, E., 160. 

Likicrnik, A., 209, 210. 

Linau, AV., 180, 181, 182. 

. Linck, G. E., 178. 
i Lincke, G., 18. 

! Lincoln, A. T., 60. 

Lindeman, J., 31. 

; Linder, S. E., 105, 197. 

' Lindet, L., 74. 

: Lindh, A. E., 129, 138. 

. Lindner, A., 105. 

' Lindner, AAV, 85. 

' Lindroth, G. T., 124. 



232 


ANTIMOXY AXD BISMUTH. 


Lindsay, G. A., 28. 

Linhard, M., 34, 36. 

Lionet, A., 51. 

Lippmann, E. 0. von, 125. 

Listrat, J. J., So. 

Little, G., 204. 

Littre, E., 15. 

Lloyd, W. V., 48, 49, 146. 

Lobinger, A., 41. 

Lochmann, G., 218. 

Lowe, L, 148, 190, 205. 

Lowenthal, H., 27. 

Lowig, C., 76. 

Lohnigen, T. van, 27. 

Loiseleiir, J., 147. 

Lomakin, B. A., 222. 

Lombardi, L., 138. 

Long, J. H., 85, 89, 111. 

Loofs-Bassov, E., 44. 

Lorch, J., 191, 192. 

Lorentz, L., 21, 136. 

Boring, R. A., 26, 27. 

Lossev, K., 43. 

Lottermoser, A., 96, 146, 190. 

Louis, H., 126. 

Loviton, L., 103. 

Lowance, F. E., 139. 

Lownds, L., 138. 

Lowry, T. M., 131. 

Lubavin, N., 105. 

Lubovicli, V. P.. 141. 

Luckow, C., 96, 118, 192. 

Lucsln, L., 221. ' 

Liiddecke, W., 202, 209. 

Liideking, C., 134. 

Luff, G., 100, 108. 

Lukas, J., 118, 222. 

Lussano, S., 18. 

Luzzatto, E., 93, 103. 

Mabbott, G. W., 39. 

Macallan, J., 113, 205. 

McAlpinc, R. K., 34, 35, 37. 

Me Alpine, W. W., 137. 

Macbeth, A. K., 61, 162. 

McCav, L. W., Ill, 117. 

McCroskey, C. R., 100. 

McIntosh, B., 61, 62. 

McIntyre, P. F., 127. 

Macivor, C. IV. E., 69, 76, 77, 78, 79, 80. 
Mack, P., 127. 

McKeehan, L. IV., 131. 

Maclaren, M., 124. 

McLav, A, B., 26, 27, 140, 141. 

McLennan, J. C., 21, 22, 26, 27, 28, 139, 
140, 141, 142. 

Madehinc:, E., 196. 

Magri, g7, 162. 

Malm, R., 51, 64, 73. 

Mahr, C., 220, 221. 

Maier, C. G., 59, 161. 

Mailfert, A., 103, 187, 191. 

Malaguti, F. J., 69. 

Mallei, J. IV., 204. 

Mallock, A., 132, 152. 

Malone, M. G., 60, 76, 80. 


' Malossi, L., 201, 202. 

I Malurkar, S. L., 26. 

I Manchot, W., 116. 

Mangini, F., 181. 

Marbach, H., 109. 

Marchand, R. F., 48, 84, 130, 131. 
Marcolongo, A., 208. 

Marie, L., 4. 

Marignac, J. C. G. de, 55, 57, 148, 202. 
Marino, L., 159, 171, 176. 

Mark, H., 130. 

Markl, R., 40. 

Martini, A., 221. 
i Marx, C. M., 106, 197, 213. 

' Mascaretti, M., 155. 
i Mascazzini, A., 118. 
i Masing, G., 152. 

: Maslowski, M., 49. 

: Mathers, F. C., 146. 

Mathewson, C. H., 39, 149, 150, 153. 
Mathewson, E. P., 125. 

Mathur, K. G., 71. 

Mathur, R. X., 22, 139. 

Matsui, M., 208. 

Matsuyama, Y., 20, 21, 134, 136. 
Matthesius, J,, 125. 

Vlatthew's, J., 41. 

Matthews, J. A., 216. 

Matthies, M., 155, 156. 

Matthiessen, A., 39, 21, 132. 
Matuvama, Y. See Matsu vama, Y. 
Maxwell, X. I., 61, 162. 

May, P., 64. 

Mayen 9 on, M., 51. 

Maver, T., 54. 

Mayer, IV., 139. 

Mazzucchelli, A., 64, 118. 

Me-ans, A. H., 124. 

Meara, F. L., 40, 41. 

Meerburg, P. A., 59, 60, 67, 68. 
Mehlcr, H., 148. 

Mehu, C., 111. 

Meier, F. IV., 219. 

Meissner, Iv. L., 103. 

Meissner, IV., 21, 51. 

Meitzendorff, — , 216. 

Meloche, C. C., ISO. 

Melzer, H., 47, 91. 

Mengdahl, H., 62. 

Mengin, M., 95. 

Mensching, H., 21, 87. 

■ Mcnschutkin, B. X., 64. 

, Menzel, A., 143. 

■ Menzel, IV., 55. 

Merz, V., 66, 162, 169. 

; Meslin, G., 138. 

Metzger, F. 4., 70. 

: Metzi, A., 35, 116. 

^ Metzi, S., Ill, 112. 
i Metzner, R., 29, 87, 160. 

Meurer, F., 155. 

Meuthen, A., 19. 

Mever, II., 59, 61, 76. 

Mever, V., 21, 87, 135, 161, 172. 
Miehaehs, A., 30, 58, 89, 94, 158, 160, 
' Mieheler, M., 193. 



IXDEX. 


Milbauer, J., 88, 188, 195, 198, 199. 

Milev, H. A., 129, 136. 

Miller, E. H., 216. 

Miller, H. K., 58, 59, 66. 

Millon, X. A. E., 29, 93, 114. 

Miniere et Fonderie d’Antimonio, 110. 
Mishima, T., 141. 

Mitchell, C., 219. 

Mitchell, C. A., 100. 

Mitscherlich, E., 61, 85, 88, 89, 90, 106, 108, 
109. 

Mixter, \V. G., 89, 92, 94, 186. 

Mivake, S., 65. 

MiVamoto, H. S., 61, 88, 94, 102: 

Modill, D., 100. 

Monkemej^er, K., 152, 205. 

Moser, L., 89. 

Moesveld, A. L. T., 129, 130. 

Mohammed, Mb, 141. 

Mohler, E. L., 26, 27, 141. 

Mohr, L., 150. 

Moissan, H., 29, 48, 55, 62, 103, 144, 215. 
Molentin, I. R., 144. 

Moles, E., 66, 70, 71, 72, 82. 

Monna, G., 130. 

Montemartini, C., 167, 213, 214. 

Montignie, E., 64, 179. 

MontilJon, G. H., 31. 

Morath, — , 191, 192. 

^loi’cran, G. T., 117. 

Moriiof, D. G., 14. 

Moriiruchi, X., 147. 

Morrall, F. R., 41. 

Morris Jones, \V., IS, 39, 41, 42, 151, 152. 
Morrow, R. M., 131. 

Moser, L., 112, 190, 191, 194, 204. 

Motard, TO., 180. 

Mourlot, A., 90, 102, 197. 

Mover, J. Bird, 160. 

Muck, F. J., 117. 

Mullcnheim, S. von, 61. 

Mullenheim, V., ICO. 

Miiller, A., 91, 154. 

Muller, E., 144. 

Muller, M., 165. 

Muller, W., 95, 106, 187. 

Muller, W., 24. 

Mugdan, S., 21, 135. 

Mugellini, C., 156. 

Muhs, G., 168, 175. 

Muir, 51. M. P., 125, 144, 157, 158, 160, 161, 
162, 167, 168, 169, 170, 171, 172, 173, 

174, 175, 177, 178, 179, 182, 183, 185, 

187, 190, 191, 192, 193, 194, 199, 205, 

206, 216. 

Mulder, F. P., 28. 

Murakami, T. 43. 

Mussgnug, F., 64, 169, 203, 204. 
Muthmann, \V., 65, 124. 

Muzaffar, S. D., 34, 36, 41, 153. 

Mvers, C. X., 47. 

MMius, F., 129, 133. 

Xabais, B. de, 50. 

Xaccari, A., 19. 

Xarrnnkn FT. 141. 


' Xakamura, G., 26, 142. 
j Xarayan, A. L., 26, 140, 141, 142. 

Xasu, H., 70, 74. 
i XMtta, G., 11, 92, 97. 
i Xaude, S. M., 26. 

Xaumann, A., 60, 62, 63, 79, 114, 162. 
Xegresco, T., 27. 

Xeher, F., 103. 

Xelisson, F-, 89. 

Xemilov, V. A., 44. 

Xenadkevich, K. A., 124. 

Xeogi, P., 214. 

Xernst, W., 22. 

Xeuburger, M. C., 18. 

Xeuimin, H., 178. 

Neumann, B., 145. 

Neumann, C. F., 85. 

Neumann, F. E., 101. 

Neumann, 0., 21. 

Neumann, R., 30. 

Xeumeier, F., 21. 

X’eusser, E., 177, 183, 184, 194. 

X'cville, F. H., 19, 39. 

Newberry, E., 49, 146. 

Newman, F. H., 155. 

Newnam, W. E., 127. 

Nev, 0., 148. 

Xiall, 0., 40. 

Xickles, J., 64, 76, 79, 81, 82, 172, 174, ] 
178, 180, 181. 

Nikasono, T., 117. 

Xikolaiev, W., 28. 

Xhlson, L. F., 101, 103, 105, 111, ] 
205. 

Xilssen, S., 157. 

Nissenson, H., 117. 

Niven, C. P., 21. 

Noodt, E. H., 59, 67, 68. 

Nordcnskiold, A. E., 185. 

Northrup, E. F., 21, 136. 

Nowotny, H., 40. 

Noyes, A. A., 145, 154, 164. 

Nusbaum, C., 28, 139. 

Nylander, E., 190. 

OUINATA, J., 42. 

Obreimov, L. V., 131. 

Oddo, G., 58, 88, 160. 

Ocfburn, S. C., 207. 

Ogg, A., 18, 130. 

Oksman, M., 76. 

Olander, A., 151. 

Olie, J., Jun., 24, 101. 

Olivari, F., 179. 

Oliver, T., 47. 

Oiiveris, A., 117. 

Olschcwskv, P., 96, 97. 

01szewski,^K., 48, 49, 51. 

Onnes, H. K., 138. 

Ordosen, A. P., IIS. 

Orlovski, A. L., 99. 

Orlncr, H., 40. 

Osawa, A., 41. 

Ost, H., 118- 
Otani, B., 42. 

Otin. C. N.. 217. 


234 


AXTIMOXY AND BISMUTH. 


Ottenstein, B., 147. 
Otto, F. J., 108. 
Ouvrard, L., 62, 69, 83. 
Overlach, H., 152. 
Owen, M., 22, 138. 


Paal, C., 147, 191. 

Pace, E., 39. 

Paciello, A., 217. 

Padberg, C., 62. 

Padoa, M., 112, 113. 

Pagenstecher, J. S. F., 108, 111. 

Pagniello, A., 30. 

Palache, C., 100. 

Palm, R., 109. 

Paneth, F., 49, 144, 146, 155, 156. 
Paracelsus, 15. 

Paraud, G., 117. 

]>ardim, H., 198, 199. 

^^arker, R. G., 131. 
j^arkes, L. R., 31. 
j^arlitz, H., 20. 

^’armley, T. J., 139. 

?^arodi, G., 118. 

Mrravano, N., 39. 42, 44, 103, 112, 115, 
149, 152, 153, 204. 

Partington, J. R., 72. 
r*ascal, P., 20, 61. 
i^ascoe, E. K., 17, 119. 
i^asteur, L., 85. 

.^asturcau, J., 167. 

Mttabhiramiah, R., 27. 

^atterson, R. A., 142. 

>aul, T., 98, 108, 116. 

J^auling, L., 96. 

^auw, F. do, 59. 

>avel, 0., 109. 

^avlov, P. N., 147. 

>eacock, M. A., 124, 196. 

^earen, E. IM., 141. 

T^arson, R. W'., 205. 

’earson, T. G., 155, 156. 

^cbal, L. von. 59, 76. 

Tmk, E. B., 39. 

^elabon, H., 22, 97, 101, 102, 112, 138, 194, 
199, 204, 205. 

‘eligot, E. M., 69, 88, 112, 113. 

•elletier, B., 114. 

^elloux, E., 91. 

'endlcton, d. H., 78. 

‘ercies, E., 131. 

'erlmuttcr, S. I., 59, 64. 

’erina, G., 174, 180, 217. 
crrct, U., 152. 
errier, A., 79, 138. 
errot, F. L., 138. 
ersoz, J., 73, 1.67. 
cters, J. A. A., 31. 
ctcrs, J. J. L., 31. 
etit, A. J., 19. 
etit, P., 48, 50, 78. 
etrenko, G., 41. 
etrenko, G. I., 39, 150. 
ettenkofer, 51., 111. 
ctterd, W. F.,'l24. 


Petzold, W., 77. 

Pfaff, C. H., 48, 52. 

Pfeifer, F., 34, 35. 

Pfeiffer, P., 75, 167. 

Pfleiderer, G., 39, 40. 

Phillips, R., Ill, 167. 

Phillips, W., 196. 

Piccardi, G., 222. 

Picon, 51., 207, 208, 215. 

Picton, H., 105, 197. 

Pietenpol, W. B., 129, 136. 

Pillitz. AV., 90. 

Pincus, A., 220. 

I Pirsch, H., 191. 

' Pjanitski, P., 110. 

, Planitz, H. von der, 29, 48. 
i Plato, 5V., 53, 55, 56, 70, 72. 

Platz, H., 29. 

Plavfair, L., 88, 92, 93, 207. 

Pleass, W. B., 32. 

Ploischl, — , 182. 

Pletenev, S. A., 17. 

I Pliny, 14. 

I Plotnikov, W. A., 60, 76. 

Pluss, 51., 134. 

Poehlmann, H., 90. 

Poggendorff, J. C., 90. 

Poggiale, A. B., 63, 65. 

Pokrowskv, G. I., 28. 

Pol, L. di," 147, 191. 
lYlacci, E., 111. 

Poleck, T., 30, 48, 52, 106. 

Poli, 51., 160. 

I Poni, P., 124. 

I Popp, G., 91. 

^ Popper, A., 34, 35. 

Porritt, B. 1)., 108. 

Portevin, A., 30, 43, 143. 

Portnov, A., 220. 

Pott, J. H., 125. 

Poutrct, I., 106, 109, 113. 

Pound, J. R., 124. 

: Pouzergucs, d., 219, 221. 
j Prabhu, S. 51., 105. 

I Prclinger, 0., 145. 

; Prentice, J)., 88. 

! Ih’c.schar, J., 117. 

; Preuss, d., 84. 

! Prideaux, E. B. R., 74, 146. 

! Prim, A., 100. 
j Pring, d. N., 187. 

Prins, d. A., 2.3. 

Prinz, H., 58, 88, 94, 104. 
Ih'iwnoznik, E., 124. 
ih'oust, .J. L., 28, 84, 92, 1 19. 
Prunier, L. L. A., 107, lo'd. 
Prythcrch, W. E., 39. 
i Ih’zczdziecka-dcdrzcjowska, A., 105, 
I Purvis, d. E., 27. 

Pii.shin, N. A., 1.30, 151. 


Quadrat, 0., 42. 

Quam, G. X., 61, 162. 

Q.uartaroIIi, A., 21(). 

Qucrcigh, E., 78, 82, 88, 109, 110. 


XAME IXDEX. 


235 


Quesneville, G. A., 130. 

Quincke, G., 20, 134. 

Quincke, J., 90. 

Eaad, a. VO'S'', o4. 

Eacder, 21. G., S3. 

Eacfc:, 21., 114. 

Ealston, A. 22k, 162. 

Eamachandran, S., 196. 

Eamage, H., 193. 

Eammelsberg, C. E., 93, 94, 9;"), 106, lOS, 
109, no, 111, 115, 124, 166. 175. 177, 
179, 1S2, 201, 207. 

Eamon, C. V., 139. 

Eamsay, 22k, 114. 

Eansome, F. L., 124. 

Eao, A. S., 27. 

Eao, K. E., 140, 141, 142. 

Eao, S. E., 22, 139. 

Eaoult, F. 21., 61. 

Easchig, F,, 96, 109, 19S. 

Eauch, H., 44. 

Eaudnitz, H., 64. 

Eauter, G., 58, 89, 95, 160, ISS. 

Eav, A. X., 63, 77, 82. 

Eav, 13. B., 28. 

EaV, Ik, S3. 

Eav, P. C., 63, 77, 82. 

Ea}^ S. X., 83. 

Eazuvaev, G. A., 144. 

Eead, A. A., 92, 186. 

Eead, T. B., 16. 

Eechou, G., 142. 

Eec'klebon, H., 48, 52, 53. 

Eeddrop, J., 193. 

Ecdenz, P., 54, 57. 

Eedlich, 0., 40, 71. 

Ee^rnault, H. 2k, 19, 29, 84, 85, 88, 92, 3 01, 
103, no, 142, 185, ISO, 196, 198. 
Eeicliardf, E., 100. 

Ecid, E. E., 64. 

Ecimann, H., 39. 

Eeiinann, L., 57. 

E cinders, 22k, 19. 

Eeinseh, H., 145. 

Eeisler, S., 147. 

Eeiss, 21. A. von, 118. 

Eemmlcr, 2Vk, 98, 103, ICO. 

Eernsen, 1., 65, 166, 202. 

Eessy, 21., 118. 

Eetuers, J. 22k, SO, 172, 178. 

Eheinboldt, H., 163. 

Eicardi, G., 27. 

Eichards, T. 2V., 18, 19, 132. 

Eichardson, 0. \Vk, 139. 

Eickard, T. A., 124. 

Eidcal, E. K., 61. 

Eideal, S., 87. 

Eieoke, 22k, 127. 

Eieckher, T., Ill . 

Eicuek E. E., 189. 

Eiker, H. S., 91. 

Eimini, E., 179. 

Einuer, 22k E., IS, 25, 29. 

Eobbs, C. E., 157, 160, 172, 173, 174, 175, 

1 — T O TOO 1 O 1 i O 01/7* 


’ Roberts, E. J., 31, 85, 87, 89. 

Roberts, J. K., 132, 136. 

Robertson, Ik 22k, 102, 193, 194. 

; Robinson, H. R., 142. 

: Robinson, P. L., 155, 156. 

' Robinson, R. A., 31, 32. 

Robiquet, P. J., 29, 58, 111. 

Rocha, H. J., 133. 

Roche, A., 31. 

' Pv-oche, J., 31. 

: Rode, E. Y., 153. 

' Rohre. K., 59. 

! Rohrig, A., Ill, 201. 

Roekaert, F., 38. 

Rossincx, A., 116. 

Rdssler, F., 195, 196, 199, 204. 

Rohmer, 21., 94. 

Rolfink, 2V., 57. 

Rolnick, H., 137. 

Roscher, H., 16. 

Rose, G., 124, 130, 194. 

Rose, H., 30, 58, 59, 62, 63, 7f). 72, 73, 84, 
85, 90, 92. 93, 97, 98. 99. 101, 3 02, 104, 
105, 107, 108, no, 111, 113, 114, 167, 
168, 187, 197, 198, 219. 

; Roscnfcld, Ik, 71. 

i Rosenheim, A., 53, 54, 64, 73, 78, 88, 01, 
190, 214, 216. 

Rosenthall, 22k, 44. 

Rosenthaller, I., 221. 

Roshdestvenski, 2'. X., 40. 

Rossem, A. van, 108. 

Rostaami, A., 132. 

Roth,‘'K., 18, 19, 131, 132. 

Rotinj'anz, L., 59, 61, 76, 80. 

Rouse, L. H., 140. 

I Rousseau, G., 209. 

Roussin, Z., 48. 

Rowell, H. \\k, 117. 

Ruark, A. E., 26, 27, 141. 

Rubens, IT., 139. 

Rubies, S. Pma de, 26, 124, 140. 

. Rublov, S. G., 77, 174, 

Rudohi, E., 161. 

Rmxhcimer, L., 161, 213. 

. RiilT, 0., 21, 29, 30, 53, 51, 55, 56, 57, 58, 
69, 70, 72, 89. 104, 108, 135, 158, 193. 
^ Ruge, E., 167, 168, 207. 

Ru hern arm, 21., 19. 

Ruhland, R. L., 48, 155. 

Riiland, 21., 125. 

Rupp, E., 191, 192, 219. 

Russell, A., 124. 

Rydberg, J. R., 132. 

Rykenbocr, E. A., 133. 

Sabaxi-jew, A., 60, 64, 66, 69, 105. 
Sabatier, P., 30. 

: Saizec, 2E de, 14. 

; Sala, A., 14. ' 

I Salkowski, H., 214. 

: Sanchez, J. A., 203. 

: Sand, H. J. S., 48, 49, 50. 

Sander, \\k, 44. 

Sanderson, T. C., 68. 


Sanger, C. R., 116, 

Santos, J. R,., 93. 

Sapor, P. a., 161. 

Saposhnikov, A. V., 42. 

Sapper, A., 58, 76, SO, 161, 172, 17S. 
Sartorius, A., 109. 

Sauciuc, L. I,, 65, 75. 

Sauerwald, F., 19, 20, 40, 41, 134. 
Saunders, A. P., 65. 

Savior, C. H., 65. 

Sazcrac, R., 219, 221. 

Scarpa, G., 166. 

Schachterle, P., 127. 

Schack, H., 44, 103. 

Schafer, Iv., 162, 165, 174. 

Schafter, L., 64, 69, 81. 

Schaffner, L., 89. 

Schaller, W. T., 3, 91, 97, 124. 
Schamelhaut, A., 209. 

Scharf, K., 139. 

Schaumann, G., 191. 

Scliearwachtor, K., 30. 

Scheen, 0., 118. 

Sclieerer, T., 130, 131. 

Scheibe, R., 124. 

Scheibel, H., ]45. 

Scheiber, J., 48. 

Schenck, P, W., 29. 

Schenek, R., 126, 198, 199. 

Scherer, J. M., 58, 108. 

Scherpenberg, P. A. van, 192. 

Scheucher, H., 116. 

Schiel, J., 48, 51. 

Schiff, H., 29, 95, 96, 111, 144, 167, 185, 
192. 

Schimpfl, H., 19, 132. 

Schlagel, H., 62. 

Schlcclit, H., 149. 

Schlcgelmilcl], F., 73. 

Schleicher, A.. 44, 118. 

Schleicr, 5t., 59, 103. 

Schlippe, K., 109. 

Schlossbcrger, J., 155. 

Schloitmaiin, F., 29. 

Schlundt, FI., 60, 61, 70, 76. 

Schmid, E., 132. 

Schmid, FI., 63, 70, 74, 75, 76. 

Schmid, W., 205. 

Schmidt, A., 48, 162. 

Schmidt, Euiren, 117. 

Schmidt, F. AV., 199, 202. 

Schmidt, H., 47. 

Schmidt-Hebbol, E., 155. 

Schmidt, K. F., 74. 

Schmvicker, S. C., 97, 190. 

Schnabel, C., 93, 126. 

Schneider, E. R., 34, 63, 66, 79, S3, 96, 102, 
103, 110, 144, 148, 158, 160, 162, 170, 
177, 178, ISl, 182, 184, 185, 187, 190, 
194, 196, 197, 199, 204. 

Schneider, G. AV., 129, 137. 

Schneider, L., 192. 

Scliobig, E., 51, 52. 

Schock, E. P., 118. 

Schoeller, AV. R., 15, 88, 126, 188, 197. 
Schonbein, C. F., 28, 95, 144, 191, 193. 


Scbopel, H., 42. 

Schoepfle, G. K., 141. 

Schoorl, A., 118. 

Schopper, H., 150. 

Schrader, C., 192. 

Schrader, J. C., 111. 

Schrauf, A., 91, 124, 204. 

Schreeberger, A., 116. 

Schroder, E., 124. 

Schroder, H., 101. 

Schroder, R., 91. 

Schucht, L., 192. 

Schiibel, P., 19. 

Schiirmann, E., 99, 105, 107, 108, 198. 
Schuhmann, P., 87. 

Schuller, A., 21. 

Schulten, A. de, 168, 174, 181, 213, 214. 
Schultz-Sellack, A. C., 88, 111, 112, 202. 
Schulz, P., 162. 

Schulze, A., IS, 23, 25, 32, 130. 

Schulze, F. A., 132. 

Schulze, G., 32. 

Schulze, FI. 0., 88, 95, 105. 

Schumann, 0., 88, 94, 109, 187. 
Schunnan, I., 206. 

Schuster, F., 61. 

Schwabe, E., 146. 

Schwartz, G. 51. , 13. 

Schwarz, 51. von, 41. 

Schwarz, P., 63, 113. 

Schwarzenberg, A., 114. 

Sebweigardt, F., 31, 144, 146, 192. 
Schweiger, J., 167. 

Scott, AV'. 51., 150, 153. 

Seidel, A., 60. 

Seitl'ert, AV., 47. 

Seitlitz, L., 11. 

Sen, -B. N., 38. 

Sen, K. C., 105. 

Scmxrmont, H, dc, 98, 99, 106. 

Sendcrens, J. B., 30, 96, 114. 

Serono, C., 89, 106. 

Serra, E., 58, 88, 160. 

Serullas, G. S., 76, 77, 79, 82, 83, 170, 17 
Setterberg, C., 65. 

Scubert, K. E. 0., 48, 162, 201, 215. 
Sevdani, \'. A., 136. 

Shakov, G. A., IG, 85, 88, 101, 102. 
Shannon, Fh Ah, 3, 124. 

Sharma, P. X., 141. 

Sharnr>vski, A. 5L, 77, 174. 

Sharp, D., 189. 

Sharp, R. C., 124. 

Sharpe, F. H., 107. 

Sharpies, S. P., 99. 

Shepherd, E. S., 153. 

Sliidei, T., 26. 

Short, A., 17, 107. 

Shuhnikov, L. An, 131, 136, 137. 

Shukov, I. I., 31, 32. 

Siebe, P., 133, 134. 

Siebert, AA"., 23, 25. 

Siedentopf, FL, 134. 

Sicdler, lA, 18, 19, 117, 131, 132. 
Siegbahn, 51., 28, 142. 

Siksna, R., 27. 



Simon, R. H., 32. 

Sirovich, G., 149, 153. 

Sjollema, B., 118. 

Skey, W., 48. 

Skvorzov, V., 220. 

Slater, J. W., 30. 

Slobodska, Y. Y., 16, 85, 88, 101, 102. 
Smirnov, W. A., 41. 

Smith, Alpheus W., 22, 26, 141. 

Smith, Alva W., 22. 

Smith, D. F., 146, 169, 170, 185, 211. 
Smith, D. P., 149. 

Smith, E. F., 34, 35, 97, 106, 163, 168, 190. 
Smith, E. K., 92, 152. 

Smith, H. G., 142. 

Smith, J. W., 60. 

Smith, S. AV., 20, 134. 

Smith, AAh, 64, 167. 

Smith, AY. C., 127. 

Snyder, E. F., 31. 

Solodovnikov, P. P., 220. 

Solomon, B., 18, 42, 151, 152. 

Someren, E. H. S. van, 222. 

Somerlad, H., 106. 

Soret, C., 109. 

Soubeiran, E., 110, 111. 

Soullilon, R., 27. 

Souviron, P. J. F., 107. 

Spacu, G., 217, 220, 221. 

Spacii, P., 221. 

Spaulding, J., 180. 

Speckmann, F., 126, 198. 

Spencer, J. F., 184. 

Spencer, L. J., 124. 

Spring, AV., 29, 98, 144, 195, 196. 

Stauber, K., 54, 56, 57. 

Stajic, A'"., 151. 

Stallo, H., 89, 

Stanck, Ah, 106, 109. 

Stansbie, J. IL, 143. 

Stark, R. E., 107. 

Staudenmaier, L., 124. 

Stavenhagcn, A., 214. 

Steger, AAh, 186. 

Steiner, B., 189. 

Steinwehr, H. von, 23, 25, 32. 

Stcllmann, AAh, 64, 78. 

Stenstrdm, AV., 142. 

Stepanovic, S., 151. 

Stephens, E., 41. 

Stephenson, B. R., 28, 142. 

Stewart, G. AV., 131. 

Stickings, R. AV. E., 215. 

Slierstadt, O., 133, 139. 

Stillman, T., 197. 

Stillwell, C. AV., 23, 131. 

Stock, A., 23, 25, 48, 49, 50, 51, 58. 
Stoddart, E. AI., 155. 

Stolba, F., 130. 

Stolh, A., 202. 

Stone, G. C., 197. 

Storch, L., 109. 

Straub, J., 221. 

Strauch, G., 148. 


Streng, A., 30. 

Strensers, T., IS, 25, 35, 58. 

StrohT, A., 111. 

Strom, B. H., 129. 

Stromeyer, A., 103, 168, 185, 190, 192. 
Sucharda, B., 117. 

Suchodski, A^. A., 161, 172. 

Suchodski, AAh, 59, 61, 76, 80. 

Suchter, A. von, 14. 

Suchy, K., 222. 

Suciu, G., 220. 

Sudborough, J. J., 29, 73, 163. 

Sueda, H., 31. 

Sugden, S., 20, 59, 70, 74, 134. 

Suguira, I., 141. 

Summa, 0., 41. 

Sushchinski, P. P., 124. 

Suydam, V^. A., 21. 

Svedberg, T., 146. 

Swartz, T., 53. 

Szebelledy, L., 32, 117. 

Szilagyi, J. von, 91, 92, 112. 

Tafel, Ah, 15. 

Takahashi, Y., 103, 199. 

Tamchyna, J. Ah, 219, 221. 

Tammann, G., 24, 30, 44, 91, 130, 133, 144, 
151, 215, 218, 219. 

Tamura, S., IS, 131. 

Tanaka, S., 138. 

Tanatar, S. AE, 160, 176, 183, 184. 

Tapley, AI. AAh, 215. 

Tararin, A’., 151. 

Tarible, J., 76. 

Tarugi, AAh, 182. 

Tasaki, AI., 44. 

Taurinsch, A., 74. 

Tavernc, H. J., 69. 

Tawara, Y., 185. 

Teclu, X., 111. 

Teitelbaum, M., 219, 221. 

Teodorovich, A". P., 144. 

Terada. T., 138. 

Terenin, A., 142. 

Terpugov, F., 60. 

Terreii, A., 85, 88, 90, 104, 106, 111. 
Thaler, E., 84, 96. 

Thenard, L. J., 103, 111. 

Thews, E. R., 149. 

Thibault, P., 190, 191. 

Thiel, A., 146. 

Thiele, J., 29, 48, 107. 

Thomas, Ah, 63, 76, SO, 114, 144, 158, 160, 
162, 163, 168, 169, 172, 173, 175, 178, 
179. 

Thomas, AV. R., 151. 

Thomlmson, J. C., 61. 

Thompson, L., 48. 

Thomsen, J., 61, 71, 144, 160, 162, 169, 
186. 

■ Thomson, J. G., 152. 

I Thomson, T., Ill, 142, 182. 

! Thresh, J. C., 181, 220. 

' Throne, B., 47. 



238 


AXTLMOXY AXD BISMUTH. 


Thiimmel, C., 48, 52. 

Thumme], K., 30. 

Tiedje, W., 71. 

Tieri, A., 131. 

Tilk, W., 160. 

Tngle, J. B., 88. 

Tite, G., 209. 

Tivoli, B., 172, 173. 

Tocco, G., 99. 

Todesco, G., 138. 

Topler, K., 134. 

Toepler, M., 20, 133. 

Toil, M. S. du, 32. 

Tolanskv, S., 38. 

Tolloczko, S., 59, 60, 61, 66, 76. 

Toinicek, 0., 117. 

Tomoshige, N., 204. 

Tompa, H., 40. 

Tomiila, E. S., 96, 97. 

Tonini, L., 118. 

Tookey, C., 57, 103. 

Topsoe, H., 58. 

Tougarinoff, B., 219. 

Toussaint, L., 118. 

Toussaint, Mile., 32. 

Trautmann, W. J., 187. 

Treadwell, F. P., 35, 115. 

Tredorovitch, V. P., 28. 

Trench, C. C., 202. 

Trenbert, F., 146, 183, 194, 213, 219. 
Triantaphyllidcs, T., 214. 

Troquay, P. H., 118. 

Tsai, Hwei-Pu, 105. 

Tsamados, D. M., 216. 

Tsuji, T., 189. 

Tucek, J., 198. 

Timstall, X., 18. 

Turnbull, A. I)., 127. 

Turner, A. H., 142. 

UcHinA, S., 189. 

Uelsmann, H., 112, 204. 

Ueinura, T., 31. 

Uhl, J., 29, 144. 

Uhlenhutli, P., 47. 

Ullgren, C., 209. 

Ullinann, F., 107. 

Umino, S., 132, 133. 

Unger, B., 34, 97, 98, 101, lo6, 108, 111. 
Urbain, G., 207, 208. 

Usanovilscli, IM., 60. 

VAi I)y.\k.vthan, Vb 1., 22, 139. 

Vakuitlru', Ikisil, 14, 57, 93. 

Vakuitiner, S., IS. 

VFIlariee, P. iU, 131. 

Valyashko. X. A , 220. 

Abindevekle, A. 3. 3., 28. 

Vanino, L.,64, 143, M6, 156, 1(57, 169, 181, 
183, 185, 191, 192, 193, 194, 203,204, 
206, 298, 213, 214, 215, 217, 219. 
VansloiHg Ik, 64. 

Vbircuine, Ik, 51. 

\'arr(U]lraj)j), K., 90. 

Vasilief, A. M., 64, 82. 

Vaubel, \Vb, 110. 


! Vellinger, E., 31. 

Verain, M., 32. 

! Vercillo, A., 64. 

I Verma, M. R., 22, 139. 

; Vcrneiiil, A. V. L., 105. 

I Vestrine, E. H., 27. 

: Veszedka, J., 41. 

! Viel, E., 116. 
j Vieweg, A. M., 27. 

! Vigouroux, E., 43, 64. 
j Vincent, C., 64. 

; Vincentini, G., 133. 

' Virup, P. G., 220. 

Vitali, D., 52. 

Viviani, E., 39, 42, 44. 

Vies, F., 31. 

Vogel, A., 182. 

Vogel, F., 17. 

Vogel, H. A. von, 48, 51, 58, 62, 63, 103. 
111 . 

Vogel, J. C., 31. 

Vogel, R., 40, 43, 44, 150, 151. 

Vogel, W., 88. 

Vogelsane:, W., 190, 216. 

Vohl, H.,^99. 

Voigt, A., 161. 

Voigt, B., 21. 

Voigt, K. H., 101. 

Voigt, P. R., 49, 50. 

Voigt, W., 132. 

Volfson, B. X., 40. 

Volhard, J., 163. 

Voogd, J., 150, 151. 

Voronov, V. M., 44. 

Vortinann, G., 35, 62, 99, 109, 116, 203. 
Voskuil, W. H., 3. 

Voss, G., 153. 

Vosskiihler, H., 149. 

Vournasos, A. C., 77, 81, 82, 83, 84, 174, 
216. 

Vridhachalain, P. X'., 31. 

\V'Ar-Kn:NK()i)i:n, 11. 5V. F., 100, 109. 
Wachter, — , 1(59. 

Wagner, 18. , 138. 

Wagner, 3. R., 111. 

Wkigner, Ik A., 124. 

Wailc, Ck X., 88. 

, Waki, S., 44. 

; Walden, P., 61, 76, 81, 82. 
j Walerstein, I., 142. 

Walker, .1., 88, 89, 92, 189, 190. 

Walker, T. L., 124. 

WalhurC', I). L., 97. 

Wallaeh, d., 96. 

Walk)! , J., 1 8. 

\\kdlrf>th, K. A., 214, 

' Walu'r, Ik, 28. 

Wkiiiers, F. OF, 141. 

Waiiu, C. Y., 3, 15, 16. 

Ward, F. A., 136. 

W'aringion, U., 168. 

Wans, (k, 164, 169. 
i W'arrcui, M. X., 57, 98, 103. 

; Wartc'uberg, 11. von, 21, 135. 

' \\kisscrfuhr, R., 163. 



NAME INDEX. 


231 


‘Wastall, H., 150. 

AVatanabe, W., 89. 

Matson, G., 68. 

AVatson, AAA, 68. 

AAXttenberij:, H., 117. 

AVavland, E. J., 124. 

AVeatherill, E. F., 34, 36. 

AAAaver, F. D., 44. 

AAAbcr, R., 34, oS, 62, 64, 71, 72, 73, 88, 94, 
144, 158, 159, 160, 171, 175, 177. 
AAAbskv, C. F. M., 93, 104, 106, 112. 
AFebster, AAb L., 129, 133. 

AVedekind, E., 43. 

AA'eekes, E. J., 48, 49, 50, 52, 155. 
AFehenhoff, B. L., 44. 

AAFidert, F., 137. 

AA’eigel, 0., 196. 

AAAinberg, S. A., 70, 78. 

AFeinland, R. F., 63, 70, 73, 74, 75, 76, 78, 
90, 111, 158, 167. 

AA^einsclienk, E., 98. 

AFeisbach, A., 124. 

AA’eith, AF., 66, 162, 169. 

AA'elkow, A., 81, 180. 

AA^eller, A., 94. 

AFells, H. L., 65, 70, 180, 

AAAnger, R., 117. 

AAAppen, H., 104, 111. 

AA'erner, A., 110. 

AAArner, F. F., 216. 

AA’erner, 0., 60, 61. 

AAArnicke, AF., 192, 

AAArtlicr, G., 194. 

AAAstenbrink, H. G. K., 31. 

AAAstcrmann, J. AAk, 188. 

AAAstcrrcn, A., 39, 40. 41. 

AFever, H,, 76, 161, 172. 

AFhecler, H. J., 65. 

AFhitby, C. S., 74. 

AFhite, H. E., 141. 

AFhitc, J. D., 18. 

AAdedemann, G., 135. 

AFiederholt, E., 48. 

AFilhelm, J. 0., 21. 

AFilkins, l-L, 20. 

AFilkinson, J. A., 61, 162. 

AFillard, H. H., 34, 35. 

AFilley, L. A., 41. 

AFillnerodt, C., SS. 

AFiiriams, A. T., 141. 

AFilliams, E. F., 189. 

AFilliams, J. H., 142. 

AFjlliams, R. 8., 41, 42, 43, 151. 

AFilliams, AF. C., 21, 59, 66, 69, 79, 135, 
161, 172, 178. 


! AAnlliamson, E. D., 132. 
j AFills, A. R., 138. 

I AAdllstaedt, H., 64. 

I AFilm, T., 106, 107, 108. 

AA'ilson, L., 17. 

AFilson, N. E., 109. 

AA'^ilson, S., 100. 

AAnnogorov, G., 41. 

AA'inssinger, C., 199. 

! AFinter, R., 17. 

AAnntcrnitz, E., 155, 156. 

' AFittek, R., 112. 

AFittstein, G. C., 100, 101. 105, 107, 108. 
Wohler, AF., 90. 

AA'olf, J., 118. 

AA'olfF, A., 91. 

• AFood, J. K., 67, 90. 

AAAodward, E., 190, 191, 192, 193. 
AForcestcr, C. P., 61, 76, 80. 

AForrell, S. AF., 49, 50. 

AForsley, R. R. le G., 192, 193, 194. 
AFrede, F.. 50. 

AAmnnenberg, E., 58, 76, 80, 161, 172, 178 
AAArschmidt, J., 130. 

AFulff, J., 140, 141. 

Wust. F., 19. 

AA'yruboff, G. N., 216. 

Yamaguti, T., 101. 

Yamamoto, T., 40. 

Yamanchi, Y., 103. 

Yap, Chu-Phav, 42. 

Youne, J. F. T., 141. 

Youtz, L. A., 35, 94, 100, 101. 
i Yvon, P., 181, 208, 209. 

I 

I Zaetev, AI. AF, 97. 101, 104. 

; Zahn, H., 22. 

: Zambeili, L., 93, 103. 

! Zani, F., 100, 101. 
i Zartmann, I. F., 135. 

I Zavattiero, E., 137. 

■ Zeallev, E. A. V., 124. 

■ Zedner, J., 56, 72, 158, 193. 

■ Zeeman, P., 141. 

Zenglielis, C., 21. 

. Zhenicdiuzhnui, S. F., 40, 151. 

' Zhukov, 1. I. See Sliukov. 

Zi in merman n, AAF, 52. 

Zintl, E., 34, 36, 39, 117, 149, 150. 

! Zsigmondy, R., 105. 

; Zumbusc-h, E., 156, 185. 

' Zumstcin, R. AF, 27, 140, 141. 

Zvicky, E., 131. 


SUBJECT INDEX 


Agricolite, 123, 217. 

Aikinite, 120. 

Alcohol, a. term used for stibnite, 14. 

Algaroth, Powder of, 15. 

Alkali antimonates, 96. 
antimonites, 90. 
hismuthates, 182. 
dsmiithites, 144, 146. 
elenoantimonites, 113. 
dibiothiosulphates, 112. 

— thioantimonates, 109. 

— thioantimonite, 109. 

Allemontite, 13, 115. 

Alloy systems : — 

Antimony-aluminium, 41. 

,, -arsenic, 42. 

,, -bismuth, 42, 152. 

,, -cadmium, 40. 

,, -calcium, 40. 

,, -chromium, 42. 

,, -cobalt, 43. 

,, -copper, 39. 

,, 'gmld, 40. 

,, -iron, 43. 

,, -lead, 41. 

,, -magnesium, 40. 

,, -manganese, 43. 

,, -nickel, 43. 

,, -palladium, 44. 

,, -platinum, 44, 

,, -potassium, 39. 

,, -selenium, 42. 

,, -silicon, 41. 

,, -silver, 39. 

,, -sodium, 39. 

,, -tellurium, 43. 

,, -thallium, 41. 

,, -tin, 41. 

,, -zinc, 40. 

Uisinuth-aluniinium, 151 . 

,, -antimony, 42, 152. 

,, -cadmium, 151. 

,, -calcium, 150. 

,, -cerium, 151. 

,, -cobalt, 153. 

,, -coppm*, 150. 

,, -amllium, 151. 

,, -gold, 150. 


Alloy systems — cont . — 

Bismuth-nickel, 153. 

,, -potassium, 149. 

,, -rhodium, 1.53. 

,, -selenium, 152. 

,, -silicon, 151. 

,, -sih'er, 150. 

,, -sodium, 149. 

,, -tellurium, 152. 

,, -thallium, 151. 

,, -tin, 151. 

,, -zinc, 150. 

Alloys, Antimony, Binary, 38-44. 

— , — , Ternary, 44. 

— , Bismuth, Binary, 149-153. 

— , — , Ternary, 153. 

— , — , Quaternary, 153. 

Aminiolite, 11. 

Ammonium antimoniodobromidc, 82. 

— bismuth thiosulphate, 203. 

— fluobismuthatc, 158. 

— hypobrornoantimonate, 78. 

Andoritc, 6. 

Anodes for chromium plating, 38. 

Antifriction metal, 38. 

Antimonates, 3, 46, 89, 95, 96-97, 103„ 
108. 

Antimonial lead, 38. 

— poisoning, 47. 

Antirnonic acids, 36, 63, 71, 95. 

Antimonidcs, 30, 38-44, 64, 105. 

Antimonious compounds, Analvtical dis- 
tinction from antimonio, 116. 

Aiitimonitc, 3, 4. 

Antimonites, .3, II, 46, 88, 90-91. 

Ant'nnoniutn^ 14. 

— crudum, 97. 

— (lia phfjri'l iriit/i (ibluhnn, 93. 

non- (ihlut u.tn, !)3. 

— sulphunduni , 111. 

Antimony, .Absorption of bydrogem by, 28.. 

— Aertion of nitri(' acid on, 29-30. 

— , Allotropy of, I 7- IS, 24-25. 

— alloys, .38 -4 1 . 

, Commercial, 38. 

— , n-, 18. See also Phombofiedral 

Ant imony. 

, Amorphous, 18, 22-25, 51. 



SUBJECT IXDEX. 


2J1 


Antimony arsenide, 115. 

— , Atomicity of, 30. 

— , Atomic number, 32. 

— radius, IS. 

— wciulit , 32-3S- 

— , 18, 22-25. See also Amor])lious 

Antimony. 

— , btick, 51. 

— bloom, 3. 

— bromides, 15, 7(3— 78. 

— bromoiodide, 84. 

— -, Batter of, 15. 

— , Chemical properties, 28-32. 

— , Chemically pure, 17. 

— chlorides, 45, 57-76, 88. 

— chloroiodides, 72. 

— chlorosiilphate, 111. 

— compounds, Ceneral, 45-46. 

— , Critical potential of, 27. 

— , Ciystal luminescence, 20. 

— , Detection, Dry reactions, 115. 

— , — , Wet rcaction.s, 115. 

— dioxide, 91-93. See Antimony 

tetroxide. 

— , Early history, 14-15. 

— electrode, 31-32. 

— , — potential, 31. 

— , Estimation, Electrolytic methods, 118 
— , — , Gravimetric methods, 11(3. 

— , — , iMicroanalytical methods, 118. 

— , — , Volumetric methods, 117. 

— , Explosive, IS, 22-25. See Amoi-phous | 

Antimony. 

— , Extraction, Electrolvtic methods, 16- 
17. 

— , — , Eurnace methods, 15-16. 

— , — , Wet methods, 1(3, 17. 

— fiiioridcs, 45, 53-57. 

— yhuiee, 3, 97. 

-- ylass, 88, 02, 07, 110. 

— halides, 45, 

, Mixed, 1(), 8,3-84. 

— liycl rides, 47-53. 

— Iiydroxide, 80. 

, Inner poicntial, .38. 

— iodides, 45, 78-82. 

-- ] 0 (loe\uinidcs, 83. 

— iodoliydroLromie acid, 82. 

, Salts of, 82. 

— , lomsation potential, 27. 

— , Isotopes, 3(3, 38. 

--, lacjiiid, Boilinp point, 21. 

— , — , CoeClicieiit of viscosity, 2(). 

— , - Density, 20. 

- — , — , Iflectrical resistance, 21. 

— , — , S]X'ei!lc lu'al, 2(). 

— , — , Surface tension, 20 
— , Jdver of, 106. 

■ -, 51 ass Sjieclrum, 33. 

— mcrcuT'i bromoiodide, 84. 

— , 51 (-tall 1 C pills of, 15. 

— methyl, 38. 

— minerals, 3-1,3. 

■ — , 51()ment of inertia of diatomic mole- 
cules, 38. 

— , Ahitive, 3, 4, 18. 


Antimony nitrate, 29, 104, 113-1 14. 

— , Basic, 113. 

, Xormal, 114. 

— nitride, (3.3, 1 1.3. 

— Xuclear monieiiL, ,38. 

, — si'pai'at ion in diatomic molecules, ,38. 
— Dceiirrenco, 3-13. 

— ochre, 3. 

— ores, 3. 

, World's production of, 17. 

— oxides, 30, 46, 84-97. 

— oxybromides, 77. 

— oxychlorides, 15, 64, 66-69, 79. 

— oxyfluorides, 5.3. 

— oxyioclides, 79, 80, 81, 82-83. 

— oxvsulphides, 88, 94, 103, 104, 100-111, 

112. 

— , Paraehor, 20. 

— pentabromide, 78. 

, Double and complex compounds of, 

78. 

— peiitachloride, 29, 70-74, 108. 

, Ammoiiiatcs, 73. 

, Constitution of, 74. 

, Dissociation of, 71. 

, Double and complex compounds of, 

72, 73, 74-76. 

, Idydrolysis of, 71. 

, 5Ionohydrate, 71. 

, Jhirachor, 74. 

, Solvent action of, 71. 

— pentatluondc, 55-57. 

, Dihydrate, 55. 

, Double and comple.x compounds of, 

56-57. 

— pentaiodide, 78. 

— — pentaselcmde, 112. 

• — pcntasulphidc, 36, 94, 97, 107-108, 109. 
, Sols, 112. 

— pentoxide, 36, 63, 88, 93-96, 103, 104. 
, Alcogels, 95. 

, Hydrates, 95-96, 97. 

, Sols, 95. 

— phosphate, 114. 

, Dihydrate, 114. 

— phosphide, 114. 

— , Idiysieal properties, 17-28. 

— , Physiological action, 4(3-47. 

— , Precipitation of, fj'om solutions, 28. 

— pyrophosphate, 114. 

— , Keducing action of, 30. 

— , Befiiiing of, 15, 16. 

— , Resonance potential of, 27. 

— , Bhombohedral, 18-22. 

— , — , Compressibility, 18. 

— , — , Corbino eircct, 22. 

— , — , Density, IS. 

— , — , Electrical resistance, 21. 

— , - , Entropy, 19. 

— , — , Ettinushausen eJfect, 22. 

— , — , Hall cileel, 22. 

Hardness, 19. 

— , — , Heat capacity, 19. 

— , Latent heat of fusion, 2(). 

— , — ,Einear velociiv of crystallisation, 
20. 
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Aniinioiiy, I vlionibolu'clral, Mayiiclic sus- ; 
ccpLibiUiy, 2:^. 1 

— , — , , Influence of particle size, I 

22. i 

— , — , Mcliina point, Jl). i 

— , — , .Vlodiilus of elasticity in shear, 11). 

— , — , Xei'iist cficct, 22. 

— , — , Refractive index, 22. : 

— , - — Righi-Lcduc clTcci, 22. 

— , ■ — Specific heat, 19. 

— , — , Spontaneous crystallising po^ver, 2f). 

- — , — , Tensile strengtli, 19. 

— , — , Thermal condiierivity, 21. 

— , — , — expansion, IS, 19. 

— , — , TherTno-electrie properties, 22. 

— — , Ti-ansition point, 2.1. 

- — , - — , Younyls modulus, 19. i 

— , Secondary, 17. ! 

— selcnides, 112. 

— selcnites, IIS. 

— , Single crystals, 22, 28. 

— , Spectrum, 25-28. 

— , — , Absorption, 26. 

— , — , Arc, 25-26. 

— , — , Flame, 27. | 

— , — , Persistent lines, 26. j 

— , — , Scries, 27. ! 

— , — , Spark, 26, 27. ^ 

— , — , Spectral terms, 26. ■ 

— , — , Ultimate rays, 27. ! 

— , — , Ultra-violet, 27. ■ 

— , — , X-ray, 28. I 

— , Sub-atomic strucTun.-, 27. 

— suboxitlo, 45. 

— subsulphidc, 97. 

— sulphate, 29,62, 80, 88, 109, 111-112. 
,Acid, 104, 112. 

, Basic, 111-112. 

, Xormal, 111. 

, — , Double salts of. 111. 

— sulpliide. Golden, 106, HU. 

— sulphides, 46, 97-108. ! 

— sulpliil.e, 111. I 

— tt'lrabromide, 77. i 

..... Comide.x eom[)Ounds of, 77-78. 

— - tct:rae}tlorid(', 70. 

, Comphex eornpounds of, 7(). 

— t(‘t]'nsulplii(le, 106-107. 

— tetroxidc, 16, 96, 88, ttl-O:!, 91, 102. ^ 

— - — , Hydi'ated, 92. 

— , Thermionic. dis('liarg(; spectra, 27. 

— thiochloridc', 62, 69, 72. 
t liioiluoridc, 55. 

— thiolodidc, 79, 80, 89. j 

— thio])li()spha((', 1 14. i 

— t}iiosul])ha.t C'.<, (iornplc.x, I 12. 

— Ircbromidc', 29, .99, .95, 76-77, SO. 

, (ioinplcax compounds of, 77. 

— t ['jcliloink', 15, 22, 2-1, 29, 90, 99, 96, 97, 

57-()6, 6t), 80, 88, 89, 91, 104, lOS. , 

, .V mmoiiiates, 69. I 

, Ihnary systems containing (Thermal 

examination), 66. I 

, (,'hc‘mical yiroperlies, 61-64. 

, (iondiietix'it V of solutions in molten, 

60. 


Antimony trichloride. Double and compl 
compounds of, 62, 69, 64-6t). 

— , Hydrolysis of, 60, 62, 66-68, 85. 

, Physical jiropcrtics, 58-61. 

, Polymorphism, 58. 

, Ih'cparalion, 57-58. 

solutions. Spark spectrum of, 27. 

— • — , Spatial structure of, 58. 

— irifluoridc, 16, 59-54, 109. 

, Double and comple.x compounds ( 

54. 

■ — trjfhiorodibromiclc, 84. 

— tritluorodicliloride, 83. 

— trifluorodiiodidc, 84. 

— triliydride, 29, 25, 28, 38, 45, 48-59. 
, Action upon silver nitrate solutior 

52. 

, Chemical properties, 50-53. 

, Flectrolytic production, 49. 

, Idiysical properties, 49, 50. 

, Physiological action, 59. 

— triiodide, 29, 35, 77-82. 

, Amorphous, 81. 

, Binary systems containing (Them" 

examination), 82. 

, Chemical properties, 80-81. 

, Double and complex com]ioun( 

81-82. 

, Hydrolysis of, 79, 89. 

— — , Molecular weight, 81. 

— — , .Mouoclmie, 81 . 

, Monotropism of, 79. 

, Physical propcu-tics, 79-80. 

, ] Ylymoi'phism, 79. 

, Preparation, 78. 

, Rhombic, 81. 

, Trigonal, 79-81. 

— irioxidc, 16, 24, 91, 69, 77, 80, 81—1 

94, 102, 108. 

, Clieinical pi’opcrlics, 88-89. 

, (.'onyilex coiiyioiuuLs with alk 

tungstates. 91. 

, Cubic, 85-87. 

, My(ii-ati‘d, 89. 

— — , Physical pr()})crtK;s, 85. 

, Physiological action, 91. 

, Poly morjihism, 85. 

-, Pri'parat ion, 81—85. 

, R hombic, 87. 

-- - , Fsc in ])aiiits and (‘naiiuds, 91. 
\5ip()ur yirc'ssurc of, 86-87. 

— - lris(4(midc, 21, 1 12. 

-- 1 risulphidia 29, 99, 62, 8.9, 88, 9 1, 9 
196, 197. 

, .\ morplious, 99, I9I . 

, Pinary syslmiis coin ainitig (Them 

exa m mat ion), 199. 

, Clicmical pfojicrt K's, 192-105, 

— - — , Cotufiounds with hvdrogmi sulpliic 

195. 

• - — , CrystalliiK', 98-99, 190-191. 

--- — , llydralcsof, 195. 

-, Physical pi'o pert K'S, 190-192. 

Poly moi'jihisni, 97, I99. 

— — , Prcci[)italion bv li\’drogen sulphii 

99, 109. 
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Antimony trisulpliido, Preparation, 98-100. 
- — • — , Red precipitated, 100. 

, Roasting of, 102. 

, Sols, lOo. 

— tritelluride, 113. 

— , Valency, 45. 

• — , Valve effect, 32. 

— , Vapour density, 21. 

— vapour, riuoi-cscencc of, 27. 

— — , Molecular constitution, 26. 

— , Volume clianirc on solidification, 20. 

— , White, 3. 

— , Yellow modification of, 25, 51. 

— , Zeeman effect, 27. 

Antimonyl bromide, 77. 

— chloride, 69, 85. 

— dihydrogen phosphite, 114. 

— fluoride, 53. 

— iodide, 82. 

— perchlorate, 76. 

— thioantimonatc, 110. 

Arequipite, 12. 

Arscnobisrnitc, 123. 

Atelestitc, 214. 

Atopite, 11. 

Babbitt metal, 38. 

Badenite, 123. 

Barcenitc, 10. 

Barium bismuth, thiosulpliate, 203. 

— stibiothiosulphate, 112. 

Basiliite, 12. 

Basobismutite, 122, 215. 

Bcegeritc, 121. 

Be^nzoardtoum 'mrioeralc, 93. 

Berthierite, 8. 

Betts Electrolytic Refining Process, 127. 
Bindbcimite, 12. 

Bismite, 119, 122. 

Bis m on, R)l. 

Bismuth, Action of nitric acid on, 143. 

— , Allotropy, 129-130. 

— , Alloys, Binary, 149-153. 

— , — , Ternary, 149, 153. 

— , — , Quaternary, 149, 153, 

— ammonium fluoride, 158. 

— , Analyses, 128, 129. 

— , Anodic cori-osion, 146. 

— antirnonates, 215. 

— arsenate, 214-215. 

, Basic, 215. 

— ^ , Hemihydr-ate, 214. 

— arsenide, 214. 

— arsenite, 214, 

— , xVtomic diameLcr, 131. 

— , — heat, 133. 

— , — weight, 147-148. 

— , Atomicity, 134, 135. 

■ — bi'omides, 170-174, 

— carbonate, 215. 

, Basic, 215. 

— , Chemical propertic,s, 142-147. 

— chlorate, 169. 

— chlorides, i 58-1 67. 

— chromates, 205-206. 

, Alkali, 206. 


Bismuth chromite, 205. 

— obromothiocyanate, 216. 

— cobalticyanide, 216. 

— , Colloidal, 146-147. 

— compounds. General, 154. 

, Hydrolysis, 154. 

, Physiological action, 154-155. 

— , Compressibility, 132. 

— , Corbino effect, 139. 

— , Crystalline form, 130. 

— , Crystallisation of, 131, 133. 

~ cyanides, 198, 215-216. 

, Complex, 216. 

— , Density, 131. 

— deposits. Geological formation of, in 

S. America, 125. 

— , Detection, Dry reactions, 218. 

— , — , Wet reactions, 218-219. 

— dibromidc, 171. 

— dichloridc, 158-160, 187. 

, Double compounds of, 160. 

— dichromates, 205-206. 

— dihydride, 155. 

— diiodide, 175-177. 

— dimethyl, 177. 

— dioxide, 182. 

— dithionate, 204. 

— dithiophosphate, 214. 

— , Early history, 125. 

— , Electrical properties, 136-137. 

— , Electrochemical properties, 144-146. 

— , Electrode potential, 145-146. 

— , Elcctrol^ffic deposition of, 127, 146. 

— , Estimation, Colorimetric methods, 220- 
221. 

— , — , Electrolytic methods, 221. 

— , — , Gravimetric methods, 219-220. 

— , — , Microchemical methods, 221-222. 

— , — , Spcctrographic methods, 222. 

— , — , Volumetric methods, 220. 

— , Ettingshausen effect, 139. 

— , Extraction, 125-129. 

— , — , Wet methods, 128-129. 

— fcrricyanide, 216. 

— ferrocyanidc, 216. 

— , Elowers of, 142. Sec also Flores 
bisynuti. 

— fluorides, 157-158. 

— , Galvanometnc effects, 139. 

— glance, 119, 195. 

— halides, 144, 156-182. 

— , Hall effect, 139. 

— , Hardness, 132. 

— , Heat of thssociation of diatomic mole- 
cules of, 135. 

— hexoxide, 194. 

— , High pressure modification of, 130. 

— , Higdicr oxides of, 191-194. 

— Jiydride, Solid, 155. 

— hydrides, 155-156. 

— hydroxide, 190. 

— hypophosphite, 213. 

, Basic, 213. 

— lodate, 179, 181. 

— iodides, J 75-182. 

— , Ionisation potential, 141. 
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Bismuth, Isotopes, 147. 

— , Latent heat of fusion, 133. 

— , Liquid, Boiling point, 135. 

— , — , Bensit}', 134. 

— , — , Effect of superheating on, 133. 

— , — , Latent heat of vaporisation, 135. 

— , — , Specific heat, 134. 

— , — , Supercooling of, 133. 

— , — , Surface tension, 134. 

—, — , Vapour pressure, J 35. 

— , — , Velocity of crystallisation, 133. 

— , — , Viscosity, 134. 

— , Magnetic properties, 138-139. 

— , Mass number, 147. 

— , Melting point, 133. 

— nietaphosphatc, 214. 

— minerals, 119-125. 

— , Molecular weight, 134, 135. 

— molybdates, 206. 

— monoselenidc, 204. 

— monosulphide, 194-195. 

— monotelluridc, 205. 

— monoxide, 182-185, 187, 191. 

— , Mosaic structure, 131. 

— , Native, 119, 120, 131. 

— , Nernst effect, 139. 

— nitrate, Basic, 208, 209-210. 

, — , Complex compounds of, 210. 

, — , Soliibilitv ill aqueous nitric acid, 

210-211. 

, Co-ordination formula, 208-209. 

, Bihydratc, 208, 213. 

, Double salts of, 208. 

, Hvdrolvsis, 209. 

, Normal, 207-208. 

, Pcntaliydra.te, 207-208. 

, — , Solubility of, 211. 

, Scsquihydrate, 208. 

, — , Solubility of, 212. 

— nitride, 187, 206. 

— nitrite, 206. 

— nucleus. Moment of moinentuin, III. 

— , Occurrence, 119-J 25. 

— ochre, 119, 122, 185. 

— olcatc, 154, 

— , Optica] properties, 139. 

— ores, 1 1 9. 

— oi'thoaniimonate, 215. 

, Basic, 215. 

— orthophosphate, 213-214. 

, Basic, 214. 

, Trihydrate, 214. 

— orthosilicate, 217. 

— , Overvoltage, 146. 

— oxides, 144, 1S2-194. 

, Hvdratofl, 189-lin, 192, 193. 

— — , — ^ Colloidal, 191. 

, — , Hydrosols, 191. 

— oxybromatc, 175. 

— oxybromidcs, 174-175, 187. 

— oxychlorides, 162, 167-169, 170, 187. 

— oxycobalti nitrites, 207. 

— oxyfluoridc, 158. 

— oxyiodidcs, 177, 178, 179, 181, 182. 

— oxymeta-aiitimonatc, 215. 

— oxynitrate, 208. 


Bismuth oxysulphides, 201. 

— oxytrifiuoride, 158. 

— , Paraclior, 134. 

— pentafiuoride, 156, 157, 158. 

— pentoxide, 184, 187, 193-194. 
pentoxide, Hydrated, 193. 

— perchlorate, 169-170. 

— — , Basre, 170. 

, Conductivitv of aqueous solutions of, 

170. 

, Elccti’olvsis of aqueous solutions of, 

146, 222. 

, Pentahydrate, 169. 

— phosphate, 187, 213-214. 

- — phosphide, 213. 

— phosphite, 213. 

— , Photoelectric threshold, 139. 

— , Physical properties, 129-142. 

— , idiysiological action, 154-155. 

— Pyrophoric, 143. 

— , Kclimng of, 126, 128-129. 

— , , Electi'olytic, 127, 146. 

— , Righi-Loduc clfect, 139. 

— selenatc, 205. 

— sclcindes, 170, 20-1-205. 

— selcnites, 205. 

— selenocliloridc, 170, 205. 

— scsquioxide, 185-191. Sec Bismuth 

trioxidc. 

— sesquisulphide, 195-199. Sec Bismuth 

iTisulphidc. 

— silicates, 217. 

— , Single crystals, 131. 

skuttoriidite, 123. 

— , Sols, 146. 

- — , S])ecific licat, 132. 

— , — ]iiagnctic susceptibdity, 138. 

--, Speeirum, Absorption, 141. 

— , — , Arc, 140. 

— , — , — , Malt 'iiJti'/iU', 140. 

^ ^ Eluorescence, 142. 

— , — , Second order, 140. 

— , — , S])ark, 140. 

— , — , Third order, 140. 

— , — , Under- water spark, 142. 

, X-rav, 142. 

— , Structure, 130-131. 

— subiodide. Se(‘ BismuLli diiodide. 

--- subnitrate, 151. 

— suboxide, 160. Sec; also Bismulii mon- 

oxide. 

— suboxyiodide, 176. 

— Hiibseleiiide, 204. 

— sulphate, AddiLiori compounds of, 202. 
, Dihydrate, 2()2. 

, Double salts of, 202. 

, Hcj)tahydr-atcu 202. 

, Isomorphism of, 202. 

, Normal, 201-202. 

— sulphates, 188, 198, 199, 201-202. 

, Acid, 202. 

, Basic, 170, 184, 187, 202. 

— siilpiudes, 194-199. 

— sulphites, 201. 

, Basic, 201. 

— tclluratc, 205. 
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Uismiitli telluricles, 205. 

— , Tensile strength, 132. 

— tetroxide, 192-193, 194. 

— , Thermal conductivitv, 135-136. 

— , — e.m.f., 138. 

— , — ■ expansion, 131-132. 

— , Thermomagnet ic effects, 139. 

— tbiobromidc, 173, 175. 

— thiochloricle, 162, 170. 

Complex, 162. 

■ — - thiocyanate, 216. 

— — — , Basic, 216. 

— tbioiodido, 178, J S2. 

- — tbiophospliate, 162, 21-1. 

— tbiosulplictcs, 203. 

, Complex, 203-204. 

— tliiotcllnride, 200, 205. 

— tbiotellnrites, 205. 

— ■, Toxic properties, 155. 

— tinbromidc, 171-174. 

, Ammoniatos, 173. 

, Complex compounds of, 173-174. 

, Hydrolysis, 172. 

, Preparation, 171-172. 

, Properties, 172-173. 

— ■ trichloride, 160-163, 170, 184, 187, 188, 
195, 198, 199. 

, Ammoniatos, 167. 

, Chemical propcrtic.s, 161-163. 

, Complex componnds of, 162, 163. 

, , 'with organic bases, 165, 167. 

, Hydrated, 163. 

, Hydrolysis, 162, 163. 

, Physical pi’operti(s, 160-161. 

, Preparation, 160. 

— — ^ 8park spectrum of dilute aqueous 

solutions of, 142. 

— tri fluoride, 157-158. 

, Hydrolysis, 157. 

— trihydride, 155-156. 

, Occompositioii of, 156. 

, Distinctaon from antimony tri- 

hydride, 156. 

— tri iodide, 177-181, 182. 

— — , Ammoniate, 179. 

, Conijilex compounds of, 170-1 SI. 

, , with organic bases, 181. 

— — , Hydrolysis, 179. 

— — , Molecular wcuAlit, 170. 

—, Preparation, 177. 

, Properties, 178-181. 

— trioxide, 142, 1 11, 163, 178, 170, 181, 

185-101, 108, 190, 204, 208. 

, Ampliotc'ric pi’ 0 ])crl i(‘S, ISS. 

, Hydrated, 189-191. 

— - — , Polymorphism, 185. 

— — , Pi'('parai ion, 185. 

, Pi'Opert.ies, IS5-1S9. 

, Reduction of, 183, 184, 187, 188. 

, Use as catalyst, 188-189. 

— trisclcnidc, 201-205. 

— trisulphidc, 144, 170, 173, 179, 181, 182, 

187, 188, 195-199. 

, Complex anions formed from, 197. 

, Preparation, 195. 

, Properties, 196-109, 


Bismuth trisulphidc, Solubility in aqueous 
solutions of alkali sulphides, 197. 

— tritelluride, 205. 

— trithionate, 204. 

— tungstates, 206. 

— uranates, 206. 

— , Valency, 154. 

— vapour, Absorption spectrum, 141. 

j — — , Raie nltime, 141. 

, Fluorescence spectrum, 142. 

— , — pressure, 135. 

— , Volume change on melting, 133. 

— , Young’s modulus, 132. 

— , Zeeman effect, 141. 

Bismuthates, Alkali, 182, 193-194. 

Bisriinthi hydroxidiu'm, 191. 

Bisrauthic acid, 192, 193. 

Bismiithidcs, 149-153. See also Alloy 
systems. 

Bismuthinite, 119, 120, 125, 195, 196. 

— , Seleniferous, 121. 

Bismuthinitrites, 206-207. 
Bismuthobromocyanides, 216. 
Bismuthothiocyanates, 217. 
Bismuthothiocxmnic acids, 216-217. 
Bismuthyl bromatc, 175. 

— bromide, 172, 173, 174. 

— chlorate, 169. 

— chloride, 167-169. 

, Hydrated, 168. 

, Preparation, 167. 

, Properties, 168. 

, Solubility in hydrochloric acid, 165. 

— cobaltinitrites, 207. 

— fluoride, 157, 158. 

— hydroxide, 175, 191. 

— iodide, 177, 179, 181. 

— nitrate, 146, 154. 

— nitrite, 206. 

, Complex compounds of, 206. 

Bisnmtite, 119, 122, 215. 

Bismutoplagionile, 121. 

JMsmutosmalti te, 123. 

Bismutosphacrite, 122, 215. 
Bismutotantalite, 123. 

Bolivian ire, 9. 

Bolivite, 201. 

Bonlangento, 7. 

Bourn onitc, 5. 

Breithauptite, 13. 

Britannia metal, 38. 

Bromoantimonic acids, 46, 78. 

— , Salts of, 78. 

Bromobismnthitcs, 174. 

Brongniardite, 6. 

Cn’:siU'M bismuth thiosulphate, 203. 

Calcium stibiotliiosiilphatc, 112. 

Cervantite, 3, 9, 37, 91. 

Chalcosiibite, 4. 

I China ochre, 1 1 . 

■ Chiviatite, 121. 

Chloroantimonic acids, 36, 45, 71, 74-76. 

! — — , Salts of, 75. 

Chlorobismnthitcs, 165-167. 

‘ Chlorohismutlious acid, 163-165. 
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Chlorobismnthous acid. Substituted am- 
monium compounds of, 165. 
Chondostibiau, 10. 

Cobalt antimonide, 64. 

— bismuth nitrate, 20S. 

Copper antimonide, 64. 

— antimonites, 90, 91. 

— bismuth thiosulphate, 203. 

Cordova ochre, 1 ] . 

Coronguite, 12. 

Corynite, 8. 

Cosalite, 119, 121. 

Cupric antimony oxyiodide, 83. 
Cuprobisnmtitc, 120. 

Cuprous antimony iodocyanidc, 83. 
Cylindrite, 8. 

Daubreite, 167. 

Derbylite, 12. 

Diantimony dihydride, 48. 

Diaphorite, 6. 

/i-Dichloro-octachlorO'dibismuthites, 165. 
Dimethoxybismuth, 177. 

Dragendorff’s reagent, 181. 

Dyscrasite, 13. 

Eichbergtte, 5, 121. 

Emplectite, 120. 

Epiboulangerite, 8. 

Eulytite, 122, 217. 

Ealkinhaynite, 5. 

Eamatinite, 8. 

Flajolotitc, 13. 

Flores antimonii, 84. 

— bismuti, 142, 185. 

Flowers of bismuth, 142. 

Franckeitc, 8. 

Freezing point curves, Binary systems : — 
Antimony-sulphur, 97, 98. 

Antimony trioxidc-antimony trisulphidc, 
88, 109-110. 

Antimony trisulphide-bismuth trisul- 
phide, 199, 200. 

Bismuth-bismuth trichloride, 158-159. 
Bismuth-bromine, 171. 

Bismuth-iodine, 175-176. 
Bismuth-selenium, 195, 204. 
Bismuth-sulphur, 194, 195. 
Bismutli-tellurium, 194, 205. 

Bismuth trioxidc-lead monoxide, 188, 
189. 

Bismuth trisulphidc-bismuth tritelluride, 

199, 200. 

Bismuth trisulphidc-silvcr selcnidc, 199, 

200 . 

Galenobtsmuttte, 120. 

Galicia ochre, 11. 

Gcocronite, 7. 

Gold antimonitc, 90. 

Goldiieldite, 5, 122. 

Grey antinion\' ore, 97. 

Grunlingite, 122. 

Guanajuatite, 121, 204, 

Guejarite, 4. 


Harris process, 17. 

Hauchecornitc, 13, 123. 
Hcptachlorodibisiuuthous acid. Salts of 
166. 

Hexachlorobismuthites, 165. 

Histrixitc, 9, 121. 

Horsfordite, 13. 

Hydrofluobismnthic acid, 157. 

loDOTvrsMr'j’noT's acid, 179. 

, Salts of, 180-181. 

O amesoxite, 6. 

Joseite, 121. 

Kaleilite, 121. 

Karelin ite, 201. 

Kermes mineral, 110-111. 

Kermesitc, 3, 8, 109-110. 

Kilbriekenite, 7. 

Klaprotliolitc, 120. 

Kobcllite, 7, 121. 

Kocchlinitc, 123. 

Kohl, 14. 

Lawprostibtax, 12. 

Langbanitc, 10. 

‘“Lcukonin,” 91. 

Lewisite, 1 1 . 

Lillianite, 121. 

Lithium antimonioclobromide, 82. 

Liver of antimony,'’ 106. 

Livingstonite, 5. 

'‘Luv extra,” 91 . 

Magnesium bismuth nitrate, 208. 
Magnetostibian, 12, 

Manganese liismuth nitrate, 208. 

Marsh’s test, 115, 116. 

Malaria, ptrlalff Ka.rkrrufjH, 93. 

Matilditc, 120. 

Mauzeliitc, 11. 

Melanostibian, 11. 

Mencghinitc, 7. 

Mercuric antimony iodocyanidc, S3. 

oxyJodido, 83. 

Marcurius rltm, 15, 57. 

Mercury bismuth nitrate, 208. 

Meta-ant iinonatos, 96. 

— -antimomous acid, 89. 

a.ntimonites, 90. 

bronioant'.irnonic ac,id, -lO, 78. 

— , Salts of, 78. 

chloroantimonatcs, 75. 

cldoi-oanlinionic acid, 45, 74. 

• , Hydrolysis of, 74. 

, Salts ol, 75. 

hypoantimonic acid, 46, 92. 

, Salts of, 93. 

Miargyritc, 5. 

Minerals, Antimony, 4-13. 

— , Bismuth, 119-125. 

Mixitc, 123, 124. 

Montanite, 122, 205. 
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Xadorite, 10. 

Xagyagite, 9. 

Native bismuth, 110, 120, 131. 

Nickel antimonicle, 64. 

— bismuth nitrate, 208. 

Ochre, China, 11. 

— Cordova, 11. 

— , Galicia, 11. 

Ochrolite, 12. 

Ot’cs, Antimony, 3. 

■ — , — AVorld’s production of, 17. 

— , Bismuth, 110. 

Ortlio-antimonates, 00. 

— -antimonic acid, 80. 

antim onions acid, 89. 

chloroantimonates, 75. 

chloroantimonic acid, 74. 

Oruetite, 122, 200. 

Oxychlorides of tervalent antimony, 66-69. 

Panacea Antirno-nialis, 107. 

Partzite, 0. 

Pentachlorobismuthous acid, Salts of, 166. 
Pewter, 38, 125. 

Plagionite, 7. 

Platynito, 121. 

Plumbostannite, 9. 

Polyargyrite, 6. 

Polybasite, 6. 

Potassium antimonate, 104. 

— antimoniodobromicle, 82. 

— antimony oxysulphide, 111, 

— antimonyl tartrate, 93. 

— bismuth thiosulphate, 203. 

— bismuthobromocyanide, 216. 

— meta-hypoantimonate, 93, 106. 

— pyro-antimonate, 07. 

— selenoantimonatc, 113. 

— stibiothiosulphatc, 112. 

— tliioantimonitc, 108. 

— thiobismuthite, 188. 

Powder of Algaroth, 15. 

Pucherite, 123. 

Pul iris a'/i.(j(dicns, 57. 

Pyro-antimonious acid, SO. 

Pyroargyritc, 5. 

Pyro-chloroantimonates, 75. 

— -chloroantimonic acid, 74. 

Pyi'ostilpnitc, 5. 

Pat HIT c, 8. 

Rezbanyite, 119, 121. 

Phagite, 123, 124. 

Pivotite, 10. 

Pomeite, 11, 01. 

Pubidium bismuth thiosulphate, 203. 

— hypo-bromoalitimonate, 78. 

— st] biothiosulphate, 112. 

Sahseytte, 7. 

Samsonite, 6. 

Schapbachite, 120. 

Schirmcrite, 120. 

Schlippe’s salt, 107, 108-109. 

Selcniferous bismuthinite, 121. 
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Selenium, Complex compounds of antimony 
and, 113. 

Selenoantimonates, 113. 

Selenoantimonites, 113. 

Senarmontite, 3, 9, 84, 85. 

Silaonite, 121, 204. 

Silberphyllinglanz, 9. 

Silver bismuth thiosulphate, 203. 

Sodium antimonate, 109, 

— antimoniodobromide, 82. 

— antimonites, 90. 

— bismuth thiosulphate, 203. 

— bismuthate, 103. 

— bismuthide, 145. 

— bismuthipyrophosphate, 214. 

— h^^drogen pyroantimonate, 56. 

— meta-antimonite, 00. 

I , Trihydraie, 90. 

— potassium bismuthyl tartrate, 154. 

— pyro-ant imonate, 90. 

— selenoantimonatc, 112, 113. 

— thioantimonatc, 107, 108-109. 

— thioantimonite, 00, 

Spanish white, 209. 

Stephanite, 6. 

Stetefeldtite, 10. 

S t ib la femiri n, 84 . 

Stibianite, 10. 

Stibiconite, 10, 92. 

Stibine, 48-53. See also Antimony tri- 
hydride. 

Stibioferrite, 10. 

Sribiotantalite, 13. 

Stibiothiosulphates, 1 12. 

Stibium., 14. 

, Stibnite, 3, 14, 15, 36, 37, 97, 100, 101. 

■ Strontium bismuth thiosulphate, 203. 

; — stibioihiosulphate, 112. 

' Stylotypite, 5. 

. Sulphur auralurn, 107. 

' Sundlite, 6, 

, Systems, Binary: — 

■ Antimony pcntachloridc-antimonj’ penta- 

fluoridc, 56. 

I Antimony pentachloride-titanium tetra- 
I chloride, 74. 

; Antimony trichloride-chlorine, 62. 

I Antimony trichloride- water, 67. 

; Bismuth-bismuth tribromide, 171. 

I Bismuth-bismuth trichloride, 158. 

I Systems, Ternary: — 

I Acid bismuth sulphate-sulphuric acid- 
I water, 201. 

Antimony trichloride-hydrochloric acid- 
water, 68. 

Antimony trioxidc - hydrochloric acid- 
water, 67. 

Bismuth-sulphur-tellurium, 200. 
Bismuth trioxide - hydrochloric acid- 
water, 163, 164, 168. 

Bismuth trioxide-nitrogen pentoxide- 
water, 200-213. 

Copper-antimony-sulphiir, 103. 
Nickel-antimony-sulphur, 1 03. 

See also Breezing point curves; Alloy 
systems. 
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ANTIMONY AND BISMUTH. 


Tartar emetic, 15, 47. 

Tazna, Mountain of, 119. 

Taznite, 12. 

Tetrachlorobismuthous acid. Salts of, 166. 
Tetradymite, 119, 122, 205. 

Tetrahedi’ite, 5. 

Thallium bismuth thiosulphate, 203. 
Thioantimonates, 3, 89, 106, 108-110. 
Thioantimonie acid, 108. 

Thioantimonites, 3, 83, 90, 104, 105-106, 
109. 

Thiobismuthites, 1 99-200. 

Thorium C, 117, 155. 

Thrombolite, 13, 91. 

Timonox,” 91 . 

Tin antimonide, 64. 

Topalite, 122. 

/^-Trichloro-hexachloro-dibismuthites, 165. 
Trimcrcuric antimony iodocyanide, 83. 
Tripichyite, 12. 

Type metal, 38, 44. 


ULLMAi^IsITE, 8. 
Uranosphaerite, 123. 

Valentixite, 3, 9, 84, 85, 87. 
Volgerite, 10. 

Von Diestrite, 122. 

Vrbaite, 8. 

Walpergite, 123, 214. 
Warrenite, 7. 

Webnerite, 6. 

Wehrlite, 122. 

Weibullite, 122. 

Willy amite, 13. 

Wittichenite, 120. 

Wolfachite, 8. 

Wolfsbergite, 4. 

Ztxc antimoniodobromide, 82. 
— bismuth nitrate, 208. 
Zinkenite, 7. 
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